A TEXT-BOOK OF 
IXORGAXIC CHEMISTRY 
VOLUME XI PART 1 




VOLOIE II. 



VoLTjilE 111. 



\‘0LT7iIE ly. 



VOLCMR V. 



Volume VI. 



In Eleven' Volumes. Medium Svo. Cloth. Prices are net. Postage extra. 

A TEXT-BOOK OF 

INORGANIC CHEMISTRY. 

EDITED ni: 

J. NEWTON FRIEND, D.Sc., Ph.D., F.I.C., 

Carnegie Gold Medailist. 

r An Introduction to Modern Inorganic Chemistry. By J. Newton 
Friend, D.Se. (B’ham), Ph.D. (Wiirz) ; H. F. V. Little. B.Sc. 
Volume I. . (Bond.), A.R.C.S., Chief Chemist to Thorium, Ltd. ; W. E. S. 

Turner, D.Sc. (Lond.). The Inert Gases. By H. V. A. Briscoe, 
D.Se. (Bond.), A.R.C.S. Third Edition. Pp. i-xv -f 885. 12s. 6d. 

i The Alkali Metals and their Congeners. By A. Jamieson Walker, 
VoLLME II. I Ph.D. (Heid.), B.A. (Q.U.B.), F.I.C. Pp. i-xxvi +379. 20s. 

f Part I. The Alkaline Barth Metals. By May Sybil Burr {n^e 
j Leslie), D.Sc. (Leeds). Pp. i.xNVi +346. 20s. 

Volume 111. { Part II. BeryUium and its Congeners. By Joshua C. Gregory, 

B.Sc. (Lond.), F.I.C., and May Sybil Burr, D.Sc. (Leeds). 
I Pp. i‘Xxvi + 320. ISs. 

( Aluminium and its Congeners, including the Rare Earth Metals, 
\‘olume IV. j By H. F. V. Little, B.Sc. (Lond.), A.R.C.S., Chief Chemist to 
i Thorium, Ltd. Second, Edition. Pp. xxviii + 48o. I8s. 

V ( Carbon and its Alhes. By R. M. Caven, D.Se. (Loud.), F.I.C. 

V OLLMi. V. -J Second Edition. Pp. i*xxi +468, 18s. 

Part 1. Nitrogen. By E. B. R. Prideaux, M.A., D.Sc., F.I.C., 
and H. Lambourne, M.A.. M.Sc., F.I.C. Pp. l-xxviii+242. 18s. 
Part II. Phosphorus and its Congeners. By E. B. R. Prideaux, 
Volume VI. - M.A., D.Sc., F.I.C., B. D. Shaw, B.Sc., Pli.D., and W. E. 

Thorneycroft, B.Sc. In Preparation. 

Part III. Vanadium. Niobium, and Tantalum. By Sydney 
I Marks, M.Sc., A.I.C. In Preparation. 

/Part I. Oxygen. By J. Newton Friend, D.Sc., and Douglas 
F. Twlss, D.Sc., F.I.C. Pp. i-xxvi+370. 18s. 

Part II. Sulphur, Selenium, and Tellurium. By Reece H. 
vtt Vallance, M.Sc., Douglas F. Twiss, D.Sc., and Miss A. R. 

‘ ‘ Rus.sell, B.Sc. In Preparation. 

Part III. Chromium and its Congeners. By Reece H. Vallance, 
M.Sc., A.I.C., and Arthur A. Eldridge, B.Sc., F.I.C. 
Pp. l.xxvi + 3S0. 18s. 

/"The Halogens and their Allies. By Geoffrey Martin. D.Sc., 
Volume VIII. -j Ph.D., and Ernest A. D.4NCASter, B.Sc. (Lond.). Second 

V Edition. 

7PART I. Cobalt, Nickel, and the Elements o! the Platinum 
Group. By J. Ne\vton Friend, D.Sc. (B’ham). Second Edition. 
Volume IX. i Pp. I-Kxvi + 367. 18s. 

j Part II. Iron and its Compounds. By J. Newton Friend, 

V D.Sc. Pp. i*xxvi-f265. 18s. 

[ The Metal-Ammines, with a General Introduction to the Theory 
Volume X. of Complex Inorganic SuKstances. By Miss M. M. J. Suther. 

I, LAND, D.Sc., F.I.C. Pp. l-xxvi+260. ISs. 

OrganometaUic Compounds, 

Part I. Derivatives of the Elements of Groups I to IV. 

By Archibald E. Goddard, M.Sc.,. A.I.C., and 
Dorothy* Goddard. M.Sc. Pp. i*xxviii+418. 
Volume XI. - Part II. Derivatives of Arsenic. By Archibald E. Goddard, 

M.Sc., A.I.C. In Preparation. 

Part III. Derivatives of the Elements of Groups V to Vin 
(excluding Arsenic). By Archibald E. Goddard, 
t M.Sc., A.I.C. In Preparation. 

LOXDO^^ ; CHARLES GRIFFIN & C0„ LTD., 42 DRURY LANE, W.C. 2 



Volume VII. 



Volume VIII. 



Volume IX. 



Volume X. 



Volume XI. 



THE PERIODIC TABLE * 



Peuioijs. 


Gkoup 0 


1 (iltOUP I 


Gnour 11 


Giioui* III. 


Gnonr IV. 


Gnom* V. 


GliolTr Yl. 


Gimur VII. 


Giiorr Ylll. 


First sliort period . 


2 

He 

4-00 


1 I 

H 

roo8 

3 

LI 

6*940 




4 

Be 

0'02 


5 

i; 

10*82 


6 

0 

12*000 




7 

N 

14*008 


8 

0 

16*000 


9 

F 

19*00 








Second sliorl period 


10 

Ne 

20-2 


1 II 
Na 

1 22 997 




12 

Mg 

24*32 


13 

A1 

26*97 


/4 

Si 

*28*06 




15 

P 

31*0*27 


16 

ti 

32*064 


17 

Cl 

35*457 








Fii"st 

long 

period 


/ Even series 

lodd „ . 


18 

A 

39-91 


19 
, K 
39*096 

29 

Cu 

1 63 *67 


20 

Ca 

40*07 


30 

Zn 

65*38 


21 

Sc 

45*10 

31 

Ga 

69*72 


22 

Ti 

48*1 

32 

Ge 

72*60 


23 

V 

!>0*96 


33 

As 

74*96 


24 

Or 

52*01 

34 
Sc 
79 *2 


25 

Mu 

54-D3 

35 

Ih* 

79 916 


26 

Fe 

55*84 


27 

Co 

fi8 94 


28 

Ni 

58*69 


Second 

long 

period 


' Even series 
.Odd „ . 


36 

Kr 

82-9 


1 37 

Rb 
j 85*44 

1 Ag 

107*880 


38 

Sr 

87*63 


48 

Cd 

112*41 


39 

Y 

88*9 

49 

In 

114*8 


40 

Zi* 

91 *0 

50 

Sn 

118*70 


4i 

Nb 

93*1 


51 

Sb 

121*77 


42 

Mo 

96*0 

52 

Te 

127*5 


43 

53 

1 

126*932 


44 45 

Kn Rli 

101*7 102*91 


46 

Pd 

106*7 


Tliird long period . 


54 

X 

130*2 


55 

Cs 

132*81 


56 

Ba 

137*37 


57 

La 

138*90 

, 


58 59 

Ce Pr 

140*25 140*9*2 


60 

Nd 

144*27 


61 


62 63 

Sill Ell 

150 43 152*0 


64 65 

Gd Tb 
157*26 159*2 




Fourtli long period . 




66 67 

Dy Ho 
162*52 163*4 


68 

Er 

167*7 


69 

Tm 

169*4 


70 71 

Yb Lu 
173*6 175*0 


72 

Hf 

[180*8] 


73 

Ta 

181*5 


74 

W 

184*0 


75 


76 

Os 

190*8 


77 

Ir 

193*1 


78 

Pt 

195*23 


Fifth 
long - 
period 


Even series 
Odd „ . 


86 

Rn 

222 


79 

An 

197*2 

87 


88 

Ra 

225 95 


80 

Hg 

200*61 


81 

T1 

204*39 

89 

Ac 


82 

Pb 

207*20 

90 

Til 

232*15 


91 

Pa 


83 

Bi 

209*00 


84 

Po 

[210] 

92 

U 

238*17 


85 




Volume in this series 
of text"books. 


1 


2 


3 


4 


5 


6 


7 


8 




9 





• Tlie International Atomic Weights for 1925 are adopted in this Table. 



Text^iool: of Liorganic Oheoiistry^ VohXL^ Part /-] [Frontispiece. 









A TEXT- BOOK OF 

INOKGANIC CHEMISTKY 

EDITED BY 

J. NEWTON FRIEND, D.Sc., Ph.D., RLC., 

Carnegib Gold Medallist. 

VOLUME XL 

OEGANOMETALLIO COMPOUNDS. 

PART I. 

DERIVATIVES OF THE ELEMENTS OF GROUPS I to IV. 

BY 

ARCHIBALD EDWIN GODDARD, M.Sc. (B’ham), A.LC., 

AND 

DOROTHY GODDARD, M.Sc. (B’ham), 



LONDON: 

CHARLES GEIFEIN & COMPANY, LIMITED, 
42 DRURY LANE, W.C.2. 

1928. 



[^ll rights reset'ved,\ 



Printed in Great Britain by 

Neill & Co., Ltd,, Edinburgh. 




GENERAL INTRODUCTION TO THE SERIES. 



During the past few years the civiHsed world has begun to realise the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches ; namely. Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising linns, so far as physical and analytical chemistry are 
concerned ; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or* rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the first volume, in addition to a detailed aceount of the elements 
of Group 0, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
clear account of the principles upon which our knowledge of modern 
Inorganic Chemistry is based. 

At the outset it may be well to explain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent works have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasise their application to Inorganic Chemistry, with 
which bi*anch of the subject this series of text-books is exclusively 
concerned. To this end practically all the illustrations to the laws 
and principles discussed in Volume I. deal with inorganic substances. 

Again, there are many subjects, such as the methods employed in 
the accurate determination of atomic weights, which are not generally 
regarded as forming part of Physical Chemistry. Yet these are 
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subjects of supreme importance to the student of Inorganic Cheniistiy 
and ai-e accordingly included in the Inti'oduction. 

Hydrogen and the ammonium salts are dealt with in Volume II., 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV., along with 
the Elements of Group III., as this was found to be the most suitable 
place for them. 

Manj^ alloy's and compounds have an equal claim to be considered 
in tw*o or more ^‘olumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes II, and V. respectively. Similarly, certain double 
salts — such, for example, as ferrous ammonium sulphate— might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are detailed in Volume along with tin, since copper ocem-s 
earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The fetro-cyaiiides are likewise dealt with in Volume IX. 

But e^■eu with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as pait of the acid radicles and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
cmlume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in Volume II. But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hai'dly seems desirable. They 
are therefore considered in Volume "\^III. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross- 
referencing to the texts of the separate volumes, the student will 
experience no difficulty in finding the information he requires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values : 

Hydrogen == 1-00762. Oxygen = 16-000. 

Sodium = 22-996. Sulphur = 32-065. 

Potassium = 39-100. Fluorine = 19-015. 

Silver = 107-880. Chlorine = 35-457. 

Carbon = 12-003. Bromine = 79-916. 

Nitrogen = 14-008. Iodine = 126-920. 

By adopting this method it is easy to compare directly the results of 
earlier inv^tigators with those of more recent date, and moreover it 
render's the data for the different elements strictly comparable through- 
out the whole series. 

Our aim has not been to make the volumes- absolutely exhaustive. 
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as this would render them unnecessarily bulky and e.xpensive ; rather 
has it been to contribute concise and suggesti^’■e accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
pro\''c a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pj). xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the libi*ary of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appr*e* 
ciation of the kind and ready manner in which the authors have 
accommodated themselves to this task, which, without their heart}'- 
co*oper*ation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courfesy of the publishers, Messrs. Charles 
Griffin & Co., who have done everything in their power to render the 
work straightforward and easy. 

J. NEWTON FRIEND, 

SeptewJber 1928. 



PREFACE. 



The present book aims at giving a tolerably complete account of the 
preparation and properties of the organic compounds of the elements of 
Groups I. to IV. of the Periodic Classification, Except in the case of 
mercury, no monograph has appeared in any language which deals \vith 
the organic compounds derived from the elements of these groups. 
The term organometallic as used in this volume is applied only to com- 
pounds containing a second element directly linked to carbon, and 
e^icludes those where the element is linked via oxygen or nitrogen, as well 
as double compounds of organic substances with inorganic salts. In 
spite of these omissions, the present volume gives an account of approxi- 
mately 2300 compounds. In order to make the book as complete as 
possible, the preparation of all key compounds has been given in detail, 
and it may be used as a treatise on practical organic chemistry. Since 
it has been necessary to cover so much ground no systematic attempt 
has been made to enter into theoretical aspects of the subject, but by 
endeavouring to include all known compounds chemists will be able to 
make valuable comparisons of the compounds of the \farious elements, 
which was hitherto impossible without consulting a vast amount of 
original literature. To make the text more readable, physical constants 
of large series of compounds have been placed in the Appendix, and 
throughout the book greater attention has been paid to physical pi-o- 
perties generally than is usual in this type of book. The Authors' 
experience has shown that such data would have been very useful in 
their own research work if it had been available in book form. 

In conclusion, the Authors wish to thank the Editor, Dr, J, Newton 
Friend, for his invaluable help in reading the whole of the manuscript 
and proofs, to Messrs, Flack and Smith of the Library of the University 
of Birmingham, for giving the Authors free access to any portion of 
the Library, and toE, Masters, B,Sc,, A,R,C.S,, for lending the Authors 
his copies of the Journal of the American Chemical Society, Reprints 
of original papers dealing with organometallic compounds will be 
thanlcfollv received by the Authors, 

A, E. GODDARD, 

D, GODDARD, 



September 1928, 
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CHAPTER I. 

ORGANOMETALLIC DERIVATIVES OF THE 
ELEMENTS OF GROUP L 

The three elements lithium, sodium, and potassium bear little re- 
semblance to copper, silver, and gold in their inorganic derivatives ; but, 
with the exception of gold, they show more resemblance in their organo- 
metallic compounds. 

Lithium, sodium, rubidium, and ca^ium form two types of com- 
pounds, (1) RM, (2) R3CM, whilst potassium only gives type (2). 
Lithium and sodium derivatives of type RM are prepared by treating 
the corresponding mercury alkyls or aryls with the metal in dry benzene 
orligroin. Rubidium and caesium, however, are obtained by interaction 
of the metal and zinc alkyls. Lithium methyl is best isolated from 
lithium ethyl and mercury dimethyl in gasoline solution. The most 
striking property of these metals is their affinity for oxygen, and this 
{Property is also exhibited in their organo compounds for they are in- 
llammable in air. The lithium compounds are more crystalline than 
those of sodium, but the latter are more insoluble in indifferent solvents. 
It is interesting to note that wffiilst lithium and its inorganic salts colour 
the flame red, lithium phenyl burns with a yellow flame. 

Schlenk and Marcus in 1914 ^ found that triphenylmethyl chloride 
reacted with sodium amalgam in dry ether solution, when the operation 
was carried out in an atmosphere of nitrogen. The resulting com- 
pound, sodium triphenylmethyl, was a brick-red mass, decomposed by 
moisture or carbon dioxide. Kraus and Kawamura in 1923 ^ showed 
that triphenylmethyl chloride reacts with sodium and potassium in 
liquid ammonia, but that the potassium compound is more stable than 
the sodium derivative. A number of compounds similar in structure 
to triphenylmethyl have since been sho\vn to give similar reactions. 
Rubidium and caesium also form similar derivatives.^ 

Copper, silver, and gold are contrasted with the three foregoing 

^ Schlenk and Marcus, Ber., 1914, 47 , 1664. 

^ Elraus and Kawamura, J, Amer. Chem. Soc„ 1923, 45 , 2756. 

® Grosse, Ber,, 1926, 59 , 2652. 
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elements in being stable towards air, water, and some acids, and in these 
respects bear some analogies to the metals of Groni? VIII. In organo* 
metallic chemistr}' this likeness is only shared by gold, since this is the 
only clement that forms stable compounds. Copper and silvcT phenyls 
ha\^e been rciiortcd by several in^*estigators, but they are very unstable 
compounds and little is known about their general behaviour. It will 
be noted that this instability is shared b)'- the phenjd derivatives of the 
alkali metals. 

Gold ^ forms two tervalent types of compounds, R2MX and RMX2, 
both of which are fairly stable solids. Type R^MX shows the analogy 
bct\veen gold and thallium, the latter metal giving only this type of 
organic compound; moreover, no monovalent derivatives of gold or 
thallium ha^'e been isolated. Diethylauric bromide is prepared b}‘ the 
interaction of auric bromide and magnesium ethyl bromide, and this 
substance is changed to the second tvj)e by treating it with bromine in 
chloroform solution, the halogen replacing one of the ethyl groups. 
Both compounds precipitate silver bromide from solutions of silver 
salts, and the diethylauric bromide forms an addition compound with 
ammonia, when warmed with its aqueous solution. No aryl dcrivati\^es 
of gold have yet been obtained, although when isolated they will be 
found to be quite stable, and probably have no melting-point below' 
C., like the corresponding thallium compounds. 

Lithium." 

The lithium alkyls resemble the sodium alkyls in being colourless 
compounds, but are contra.sted to them in being to some extent 
C‘r}‘stallinc. With the exception of the difficultly soluble lithium methyl, 
they arc rcadih' soluble in benzene without decomposition. 

Lithium methyl, LiCHg or LiMe. — When a benzene solution of 
lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a 
white inicrocrystalline powder immediately separates, in accordance 
with the equation : 

2 LiEt +HgMe2 == 2 LiMe -l-HgEt2 

soluble soluble ilisoluble soluble. 

In the dry state the compound is completely colourless, in air it inflames, 
burning with explosive violence. The flame is red and accompanied by 
a shower of yellow sparks. 

Lithium ethyl, LiC2H5, is prepared by the interaction of mercury 
diethyl and metallic lithium in benzene or ligroin solution. It forms 
thick, dear, hexagonal plates, melting at 95 ° C. in a nitrogen atmo- 
sphere ; at higher temperatures ^'olatilising and condensing in the cooler 
parts of the apparatus in drops, which soon solidify. It is somewhat 
soluble in benzene or gasoline, but when exposed to the air the body 
inflames and burns with the red lithium flame. Lithium ethyl reacts 
with triethyl -n-butylammonium bromide to give triethylamine and 
dieth\'l-n-butylamine, and with tetraethylammonium bromide to give 
ethane and ethylene. ^ 

Lithium n -butyl, LiC4Hg, mth tetraethylammonium bromide 

1 Pope and Gibson, Trans. Chem. Soc., 1907, 91, 2061. 

2 Schlenk and Holtx, Ber., 1917, 50, 262. 

» Hager and Marvel, J. Amier. CUm. Soc„ 1926, 48, 2689. 
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yields triethyl amine; with triethylbenzylaminonium bromide it gives 
dieth}dbenzylamine ; with tri-n-butyl-n-heptylammonium iodide it 
forms di-n*butyl*n-heptylamine. The following reactions \nth lithium 
ii'butyl have been carried out,^ the reacting substance being given first 
and the products of the reaction shown in brackets : n*heptyl bromide 
(nmndecane); methylene iodide (n-nonane); ^-bromostyrene (phenyl*! - 
hexene*!, trans-trans isomer of diphenyl*l‘4*butadienc*l‘3 (?)); tri- 
phenylchloromethane (triphenylmethyl peroxide, triphenyl*! ? 1 ; 1* 
pentane) ; o*, m*, p*bromotoluene (toluene). 

Lithium iso -amyl,^ LiCgHn, reacts with triethyl*n*butylainmonium 
bromide to give diethyl*n*butylamine and lithium n*hept 3 d, wnth tetra* 
11 *biityl ammonium iodide to form tri*n*butylamine, a trace of a h^-’dro* 
carbon and possibly n*heptane. 

Lithium phenyl, Li.CgHs or LiPh,^^ maybe prepared from mercury 
diphenyl and metallic lithium or lithium ethyl and mercury diphenyl. 
In the dry state it is a pure white, microcrystalline powder, which burns 
in air with a yellow flame, not a red lithium flame, 

Lithium triphenylmethyl, LiCPhg,^ is prepared by treating 1 mol. 
of triphenylmethyl chloride in anhydrous ether with 6 inols. of lithium in 
the form of 0-5 per cent, amalgam, in a specially designed flask. It is an 
orange*red powder and forms a stable etherate, Li.CPh3.2Et20. When 
acted upon by water in the absence of air it decomposes according to the 
equation : 

Li.CPhg+HaO =LiOH fl-CPhsH 



Sodium. 

The first attempt to obtain sodium alkyls was due to Wanklyn,® but his 
work only led to the formation of sodium- zinc*ethyl double compounds. 
Schorigin ® was also unsuccessful in obtaining pure products, whilst 
Acree ’ described a body which he considered to be sodium phenyl, but 
this was afterwards refuted by Hilpert and Gruttner.® 

The sodium alkyls in the pure state are colourless, amorphous, in- 
soluble powdeis, in indifferent solvents. They decompose when heated 
to the melting-point. They are extremely inflammable in air, the in- 
flammability decreasing with rising molecular weight of the alkyl 
residues. Sodium octyl is susceptible to oxygen, large particles igniting 
in air.® 

Sodium methyl, NaCHg or NaMe. — Sodium chips are placed in dry 
ligroin (B.pt. 80° C.), and all air displaced by dry, oxygen-free nitrogeix 
The requisite amount of mercury dimethyl is then added and the 
temperature maintained at 65° C, After several days the product i.s 
obtained as a white powder. 

Sodium ethyl, NaCgHg, is prepared in a similar manner,^® but the 

1 Marvel, Hager, and Coffman, J. Amer. Chem, Soc., 1927, 49, 2323. 

® Hager and Marvel, loc, cit, 

® ScMenk and Holtz, Ber., 1917, 50, 262. 

^ Grosse, Ber., 1926, 59, [B], 2652. 

5 Wanklyn, Annalen, 1858, 107, 125 ; 1858, 108, 68 ; 1859, iii, 234 ; 1866, 140, 211. 

® Schorigin, Ber., 1908, 41, 2717 ; ibid., 1910, 43, 1931, 

’ Acree, J. Amer. Chem. Soc., 1903, 29, 590. 

® Hilpert and Griittner, Ber., 1913, 46, 1679. 

® Schlenk and Holtz, Ber., 1917, 50, 262. 

10 See Schorigin, Ber., 1910, 43, 1931 ; ibid., 1923, 56, [BJ, 176. 
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rcttction is complete in one to two hours. Sodium propyl and n-Octyl 
have also been obtained. 

Sodium phenyl, NaCgHg, formed from mercury diphenyl, exhibits 
the same properties as the alkyls. 

Sodium benzyl, CgHo.CHa.Na. — Unlike the preceding compounds, 
sodium benzyl is isolated as an intense red, crystalline powder, in- 
soluble in benzene or ligroin, but fairl)^ soluble in ether, to which it 
imparts a deep, reddish-j^cllow colour. The ethereal solution will con- 
duct the electric current, showing that the metallic atom is linked by a 
carbonimn ^'alence. It inflames in air, but if the oxidation is slow, 
much stilbene is formed. Dry carbon dioxide converts it into sodium 
phenyl acetate. 

Sodium tri phenyl methyl, PhgCKa.^ — 1 . Ten grams of tri- 
})hciiylmcthyl chloride in 500 c.c. of dry ether are treated with 200 grams 
of 2 per cent, sodium amalgam, and the mixture shaken on a machine for 
one to two hours. During the operations all air must be replaced by 
nitrogen. A solution of sodium triphenylmethyl is thus obtained in 
qnantitati^'e yield. 

2. Ten grams of sodium powder are amalgamated with 10 grams 
of mercury in 200 c.c. of dry ether, the reaction being carried out in 
nitrogen. Triphenylmethyl chloride, 2 to 3 grams, is then introduced, 
the substances melted and put on a shaldng machine, the reaction being 
complete in twelve houre. A dark orange-red solution is obtained ; the 
ether is evaporated and the residue treated several times with petroleum 
ether and evaporated until a solid is produced. All manipulations are 
carried out in nitrogen, since air, moisture, or carbon dioxide cause 
decomposition. The compound forms a brick-red mass.^ 

3 . Sodium triphenylmethyl may also be prepared from tripheiiyl- 
niethvl chloride and metallic sodium, when the two are allowed to react 
ill liquid ammonia, and the hydrogen atom of triphenylmethaiie is 
replaced b}’ sodium in about an hour. 

The compound is ver}^ reactive, even at the temperature of liquid 
ammonia. V\hth water it reacts to form sodium hydroxide and tri- 
phen\’lmethane, 

PhgCNa +H2O -PhgCH +NaOH 

By the action of oxygen, a white product is formed, the composition 
of which has not been determined. The reaction with ammonium 
chloride in liquid ammonia probably represented by the equations, 

PligCXa +NH4CI =Ph3CNH, +NaCl ^PhgCH +NH3 +NaCl 

The intermediate ammonium compound is not isolated. Ammonium 
hydroxide with sodium triphenylmethyl yields triphenylmethane and 
sodamide, and sulphur dioxide forms sodium triphenylmethyl sul- 
phinate. 

Sodium triphenylmethyl is moderatel)* soluble in toluene or benzene, 
but insoluble in petroleum ether and ligroin. 

Tlie follo^ymg are typical reactions of sodium triphenylmethyl with 
certain organic compounds : — 



1 £>chleiik aud Holtz, Ber., 1916, 49 , 603 ; Sclilenk and Ochs, ibid., 1916, 49 , 608 ,• 
C-eriuaii Patent 292310 ; Rraus and Kawamula, J, Avier. Ohem. 80 c., 1923 2766 

- Schlenk and Mal'cus, Ber., 1914, 47 , 1664. 
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With triphenylraethyl chloride, hexaphenylethane is produced, the 
reaction being carried out in liquid ammonia. Thus : 

PhgCNa d-Cl.CPhg =NaCl HhPhgC.CPha 

Similarly \vith diohlorodiphenylmethane, a mixture of hexaphenyi* 
ethane and pentaphenylethyl is formed.^ With bromobenzene, using 
the above solvent, carbon tetraphenyl results, 

PhsCNa -hPhBr =NaBr +PI14C 

With methyl benzoate, jS-benzpinacolin is formed in accordance \vith 
the equation : 

Ph gCNa +Ph.CO aMe ^PhsC.COPh +NaOMe 

If methyl p-chlorobenzoatc is used, p*chloro‘/ 3 -benzpinacolin is 
obtained. Since sodium triphenylmethyl shows a tendency to exchange 
its sodium atom for hydrogen, it cannot be used for condensations with 
substances which can function in enolic forms, such as ethyl acetate. 

With aldehydes, ethanols are obtained, formaldehyde yielding tri- 
phenyl ethanol, 

Ph3CNaH-OCPl2=Ph3C.C(ONa)H2 

In the case of benzaldehyde and furfuraldehyde, tetraphenyl ethanol . 
and triphenylfuryl ethanol are isolated respectively. 

With ketones as with esters, those which are capable of existing in 
enolic forms cannot be employed, and diarylketones yield no condensa- 
tion products, e,g. with benzophenone, an ethanol is not formed, but the 
solution becomes green, since metallic ketyls are produced, according to 
the equation : 

Ph3CNa+C0Ph2=^Pli3C.CPh2.0Na 

With dibenzal acetone, tetrastyrylpinacolin is formed. 

Sodium phenyl-biphenylyl-a-naphthyl-methyl. 



Ph. .CioH, 

Ph.CfiH/ \Na 

Phenyl -biphenylyl naphthyl chloromcthane and sodium powder are 
shaken together for one to two days in dry ether, in the presence of 
copper bronze. In the solid state it is an indigo-like, metallic, glistening 
powder, soon becoming dull in air. Its ethereal solution is bluish- violet 
of extraordinary intensity. With water or ethereal hydrogen chloride 
the compound is soon decolorised, and when decolorised by air a faint, 
bright blue-green, air-stable colour remains^ 

Sodium di-biphenylyl-a-naphthyl-methyl, (Ph.C6H4)2CNa, is a 
black, metallic, glistening powder, immediately becoming yellow-brown 
in air. 

Sodium biphenylene-phenyl-methyl. 



C^H 

I 

CgH 




Dibiphenylene-diphenyl-ethane and sodium powder are shaken together 



1 Schleiik and Mark, 5er., 1922, 55 , [B], 2285, 2299. 




8 0RC4AN0METALLI0 COMPOUNDS. 

in a nitrogen atmosphere for twelve days. The compound is isolated in 
shining, orange-red needles, containing one molecule of ether of crystal- 
lisation, When dried in a nitrogen atmosphere at 60° C. the ether is 
remo\‘ed and the comjmund darkens, and at higher temperatures it 
melts to a ruby-red liquid. It is instantly decolorised in air, and 
warmed with alcoliol it dissoh‘cs, biphenylcnc methane crystallising out 
on cooling. 

Sodium p-anisyl-biphenylene-methyl, 

/CgH^.OIe 

C'jH/ \Na 

is an intensely red, but not distinctly crystalline product, which is 
obtained free from ether. 

Potassium. 

No potassium compounds arc knowm of the type KK, only com- 
pounds from triphcnyl methyl having been obtained. 

Potassium tri phenyl methyl, KCPhg.^ — 1. Triphenyhnethane and 
metallic potassium are heated at 200° to 220° C. in an indifferent 
atmosphere. By this method the compound is stated to be red, and 
when treated with benzyl chloride to yield « 5 -tetraphenylethane. 

2. Tw‘o equivalents of potassium are allowed to react with tri- 
pheiiylmethyl chloride in liquid ammonia. 

The compound has a similar appearance and the same properties as 
the sodium derivative. It exhibits, however, this difference, that 
whilst sodium triphcnyl is unstable in the presence of ammonia, the 
potassium compound is stable even at 100° C. Moreover, it has not 
been found possible to synthesise the triphenylmethyl group by the 
action of triphenylmethyl chloride on potassium triphenylmethyl . 

Rubidium.2 

Rubidium ethyl, RbEt. — The interaction of zinc ethyl and metallic 
rubidium do not give rubidium ethyl itself, but the double compound 
with zinc ethyl, RbEt.ZnEtg. This substance crystallises in prisms, 
which melt in the presence of some zinc ethyl at 70° to 75° C. 

Rubidium triphenylmethyl, RbCPha, prepared in a similar 
maimer to the lithium compound, is a dark -red powder resembling the 
sodium and potassium derivatives. It gives a blood-red solution in 
ether. 

Caesium ethyl, CsEt, is isolated in the same manner as the rubi- 
dium compound, but does not seem to be as definite in composition as 
the latter. It is said to undergo the following reaction ; — 

CsEt+COg^Cs.COa.Et 

The latter compound when treated with sulphuric acid yields pro- 
pionic acid. 

^ Schlenk and MareiiH, Bcr., 1914, 47 , 1664 ; Kraus and Kawamura, J. Amer. Chew. 
Soc., 1923, 45 , 2756. 

^ Grosse, Br.r., 1926, 59 , [lil. 2652. 
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Csesium triphenylmethyl, CsCPlig, possesses the same properties 
as the rubidium compound. 



Copper and Silver, 

Cuprous phenyl, CuPh.^* — Cuprous iodide is added to a eokl 
solution of magnesium phenyl bromide in ether. Complete solution 
takes place, and after a time the cuprous phenyl separates out as a white 
powder. It decomposes at 80° C. and when warmed with benzene is 
converted quantitatively into diphenyl and metallic copper, the latter 
appearing as a mirror. With water, benzene and cuprous oxide are 
formed, and with dilute nitric acid it is changed to nitrobenzene, con* 
centrated nitric acid causing the compound to explode. Cuprous 
phenyl blackens in a few days, even when kept in a vacuum. 

Magnesium ethyl bromide presumably gives cuprous ethyl, but the 
compound is unstable above —18° C. and has not been further in* 
vestigated. 

Silver phenyl, AgPh.^ — Silver bromide is treated with an ethereal 
solution of magnesium phenyl bromide, the violet solution depositing 
silver phenyl. The preparation is carried out in absence of light, and 
the product decomposes in a few hours, even at —18° C., forming silver 
and diphenyl. The product is highly explosive. 

When freshl}^ precipitated silver chloride is used instead of the 
bromide,^ a brown, granular powder is obtained. When dry it readily 
decomposes, evolving clouds of diphenyl fumes. The ratio of silver to 
phenyl appears to be as 1 : 1 . With magnesium p*xylyl* and a*naphthyl 
bromides and the magnesium compound of p-bromodiphenyl ether, 
similar compounds are isolated. 



Gold.^ 

Diethylauric bromide, (CjHglaAuBr. — Magnesium ethyl bromide 
is used in preparing this compound, and it is necessary that it should be 
free from any unchanged magnesium. Five grams of magnesium are 
used and the calculated quantity of ethyl bromide in 200 c.c. of anhy* 
drous ether. This Grignard reagent is allowed to drop very slowly into 
22 grams of auric bromide in 150 c.c. of dry ether efficiently cooled in ice 
and salt mixture. Metallic gold begins to appear during the reaction. 
Powdered ice is carefully added to the mixture and finally water and 
dilute acetic acid. The liquid is next extracted several times with light 
petroleum and this is washed with water, then allowed to evaporate in a 
warm draught cupboard at 25° to 30° C. The residue when once again 
recrystallised from petroleum ether yields 2 to 3 grams of the pure 
bromide. No larger yield is obtained if the reaction takes place at the 
temperature of boiling liquid air, and the yield is less if the autic bromide 
is added to the Grignard reagent. If auric chloride is used the yield is 
not increased. Diethylauric bromide takes the form of long, colourless, 
doubly refracting needles, M.pt. 58° C. It is very soluble in benzene, 
light petroleum, chloroform, and ether, much less so in alcohol and 

1 Reich, Compt. rend., 1923, I77> 322. 

2 Reich, ibid. 

lii-ause and Wendt, Ber., 1923, 56 , [BJ, 20(54. 

* Pope and Gibson, Tram. Chem. Soc., 1907, 91 , 2061 
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insoluble in water. It is volatile at ordinary temperatures and dcconi- 
poses with explosion at about 70 ° C. The body is analysed by dissolving 
it in chloroform, adding bromine in the same solvent, then slowly 
evaporating to dryness and weighing the residual gold after ignition. 
Diethylaurie bromide is ^'ery sensitive to light, in contact with w^ater 
giving gold. It also gives sih'er bromide from solutions of silver salts. 

Ethylauric dibromide, C2H5AuBr2, is prepared by adding a dilute 
solution of bromine in chloroform to an equimolecular proportion of 
diethylaurie bromide in the same solvent. Crystals of the dibroinide 
are slowly formed. The compound is sparingly soluble in the ordinary 
organic soh'ents, but is moderately soluble in wainr water. The crystals 
are transparent, dark, ruby*red, doubly refracting prisms with square 
ends. On heating it slowly decomposes, but does not melt. It is more 
stable than the pre\'ious body. 

Amminodiethylauric bromide, {C2H5)2.AuBrNTl3, can be obtained 
Irom diethylaurie bromide on gently warnring with dilute aqueous 
amnionium hydroxide, then evaporating in a \*acnum over sulphuric 
acid. The product is recrystallised from benzene, giving transparent 
doubly refracting, colourless needle.s, which decompose on slowly heating 
at 60 ° C. The body is soluble in ammonium hydroxide, benzene, 
acetone, chloroform, or dilute hydrochloric acid. The solution in hydro* 
chloric acid may be boiled without any reduction, and there is no pre- 
cipitate with platinic chloride, though on long standing metallic gold 
appears. .\n aqueous acetone solution of the compound precipitates 
.silver bromide from silver salts. 




CHAPTER II. 



ORGANOMETALLIC DERIVATIVES OF THE 
ELEMENTS OF GROUP II. 

The elements of Group II., along with those of Group V., form more 
organometallie derivatives than the remaining groups. In so far as 
Group Hi is concerned this is due to the vast number of mercurials now 
isolated. In 1905 , Beckmann ^ found that an ethereal solution of 
ethyl iodide reacted vith metallic calcium to form an etherate, ha\ang the 
constitution EtCaI.Et20. This was an amorphous powder, fairly 
stable in air, yielding ethane with water, and was sparingly soluble in 
ether. Gilman and Schulze ^ repeated Beckmann "“s work, and came to 
the conclusion that the compound is not the monoetherate shown above 
but a, di-ether ate of calcium iodide, Cal2-2Et20. These inv'estigators 
have also prepared compounds of mbutyl, n*octyl, and phenyl calcium 
iodides, but in no cases do ether *free compounds appear to have been 
isolated. They also state that unpublished work on calcium, barinin, 
and strontium dialkyls and diaryls shows that all of these organo' 
metallic compounds give positive tests. Since the purpose of this 
chapter is to deal with pure compounds and not molecular complexes, no 
further account is given of the calcium compounds.® 

The remaining members of this group form a series of organo com* 
pounds in which the stability increases with rising atomic weight from 
beryllium to mercury. It should be pointed out that the authors do not 
include the Grignard compounds under magnesium, since these are not 
actually isolated in reactions in which they are employed. Moreover, 
the so-called “ individual ” magnesium alkyl salts, which do not contain 
combined ether, have not been used to any great extent for synthetic 
purposes. 

The dimethyl compounds of the metals from beryllium to cadmium 
are all very volatile liquids, the beryllium, magnesium, and zinc deriva- 
tives exploding when treated \vith water, the cadmium decomposing 
slowly under the same conditions. 

Beryllium compounds were obtained in 1860 by Cahours ^ by heating 
metallic beryllium with mercury dialkyls at 130 ° to 135 ° C. in a sealed 
tube. Frankland ® also obtained beryllium diethyl and dipropyl by a 
similar method. In 1884 , Lavroff ® also claimed to have obtained 

^ Beckmann, Ber., 1905, 38 , 904. 

^ Gilman and Schulze, /. Amer. Ghent. Soc., 1926, 48 , 2463. 

® See DufEord, Nightingale, and Calvert, J. Amer. Chem, Soc., 1925, 47 , 95 ; Gilman 
and Pickens, ibid., 1925, 47 , 2406 ; Gdman and Schulze, ibid., 1925, 47» 2002. 

* Cahours, AriTialen, 186*0, 114 , 243 ,* Jahresher., 1873, p. 520. 

® Frankland, Trans. Ghent. Soc., 1861, 13 , 181, 194. 

® Lavroff, J. Buss. Phys. Ghem. Soc., 1884, 16 , 93 ; Bull. Soc. cltint., 1884, 41 , 548. 
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beryllium dimethyl. No further reference is made to the compounds 
until 1923, when iWuse and Wendt ^ stated that berjdlium dialkyls may 
be prepared by the interaction of beryllium chloride and an excess of 
Gri^rnard reagent. 

I'he actual isolation of beryllium clialk}ds in a pure state has only just 
been accomplished by Gilman and Schulze,^ and their work throws doubt 
upon the accuracy of that of previous investigators. Their method of 
procedure is the one suggested by Krause and Wendt. In 1926, Durand ^ 
claimed to have prepared beryllium methyl iodide, but the work has 
since been disproved by Gilman and Schulze.^ These workers have 
isolated beryllium alkyl halides by heating beryllium, alkyl halides, and 
ether in the presence of catalysts, such as mercuric chloride, beryllium 
cliloride, or free bromine. The first aryl compound, beryllium phenyl 
iodide, has been prepared by a similar process. 

The first attempt to prepare organic compounds of magnesium was 
due to Hallwachs and Schafarik^ in 1859, these investigators heating 
metallic magnesium with ethyl iodide in a sealed tube at 150° to 180° G. 
Upon opening the tube a gas was evolved and a white mass obtained. 
This when heated gave a colourless liquid of penetrating odour, which did 
not inflame. In view of later work the products appear to be magnesium 

iodide and traces of magnesium diethyl. A year later, Cahours ® 
repeated the above work, the reacting substances being heated for 
several hours at 130° C. He isolated magnesium iodide and a colourless, 
strongly volatile liquid, inflaming in air, and having a leek-like odour. 
This liquid Cahours mistook for magnesium diethyl. In 1891, Lohr’ 
obtained magnesium diall^ls by heating magnesium with mercury 
dialkyls, and later Fleck ^ extended Ldhr’s work. No further work was 
done on these substances until 1927, when Gilman and Schulze ® used 
Lohr’s method, but introduced mercuric chloride into the reaction as a 
catalyst. This work proves that the substances obtained by the earlier 
investigators were not very pure. 

Only one aryl compound is known, namely, magnesium diphenyl,^® 
formed by heating magnesium powder and mercury diphenyl at 200° C, 
in an atmosphere of nitrogen. Like the alkyl compounds, it is readily 
oxidisable in air and decomposed by water. 

Frankland in 1853 obtained the first zinc alkyl, zinc dimethyl, by 
heating methyl iodide with an excess of zinc in a sealed tube at 150° to 
1 60° C. From this beginning, the series was gradually continued as far 
as zinc di*isoamyl, in the hands of various investigators. The lower 
members are spontaneously inflammable in air, this property decreasing 
as the series is ascended, and all the compounds are decomposed by 
water, the lower ones with violent explosion. Th^e compounds have 
pro\*ed of great value in many organic syntheses, but their use has been 
eliminated to a large extent by the Grignard reagent owing to the fact 

1 Krause and Wendt, Ber„ 1923, 56, 467. 

^ Gilman and Schtilze, J. Chem. Soc., 1927, p. 2663. 

* Durand, Compt. rend., 1926, 182, li62. 

* Gilman and Schulze, J. Amer. Chem. Soc., 1927, 49, 2904. 

^ Hallwachs and Schafarik, Armalen, 1859, 109, 206. 

® Cahours, Annalen, 1860, 114, 240. 

’ Lohr, Amuikn, 1891, 261, 48. * Fleck, A%7mleti, 1893, 276, 129. 

® Gilman and Schulze, J. A^mr. Chem. Soc.-. 1927, 49, 2328. 

Hilpert and Griittner, Ber., 1913, 46, 1675. 

“ Ihankland, Annalen, 1853, 85, 347. 
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that the latter need not be isolated in reactions in which it is used, 
whereas the inflammability of the zinc alkyls renders them difficult 
to handle. Zinc alkyls have also been used in the preparation of 
org'anoinctallic derivatives of mercury,^ boroii,^ aluminium,^ thallium,'^ 
silicon,*^ germanium,® tin,’ lead,® phosphorus,'^ arsenic,^® antimony, 

bismuth. 

No zinc aryls were known until 1913, when Hilpei*t and Griittner 
isolated zinc diphenyl by boiling mercury diphenyl with zinc for two 
minutes in an. atmosphere of hydrogen. The rapidity with which this 
reaction takes place resembles the preparation of aluminium triphenyl 
from mercury diphenyl and aluminium, the reaction being complete in 
ten to fifteen seconds at 140° C. The zinc diphenyl is affected by light, 
and, like magnesium diphenyl, is oxidised by atmospheric oxygen and 
decomposed by water. An interesting use has recently been made by 
Chambers and Scherer of zinc diphenyl. In order to prepare tin 
tctraphenyl, magnesium phenyl bromide is treated with anhydrous zinc 
chloride in ethereal solution, the ether replaced by toluene and the 
product treated with stannic chloride. Thus the zinc compound is 
merely used as an intermediate without being isolated, in the same way 
as the Grignard reagent. 

Although cadmium alkyls were known as early as 1853,^® it was not 
until 1917 ^® that they were obtained in good yield in a state of purity. 
The general method of preparation is by the interaction of magnesium 
alkyl halides and cadmium halides. In common with the other alkyls 
so far described in this chapter they are very volatile, the methyl deriva* 
tiVe even being difficult to separate from ether, since it volatilises along 
with the vapour of the latter. This volatility decreases as the series is 
ascended from methyl to isoamyl, and although the higher compounds arc 

^ Buckton, Annalen, 1859, 109, 219, 221 ; Jahresber.. 1858, p. 390 ; Frankland, Annalen., 
1859, III, 57; Jahresber., 1859, p. 413; Krassowski, Zeitschrift fiir CJiemie, 1870, p. !>28; 
Ber., 1870, 3, 625 ; Oppenheim, Ber., 1871, 4, 671. 

^ Frankland, Annalen, 1862, 122 , 132, 144 ; Jahresber., 1876, p. 469. 

* Buckton and Odling, Annalen Spl., 1861, 4, 110, 112 ; Cahours, Annalen, 1860, 114, 
242 ; Hallwaclis and Schafarik, Annalen, 1859, 109, 207 ; Furstenhoff, Chem. Zentr., 1904, 
1. 785; Buckton and Odling, Proc. Roy. Soc., 1865, 14, 19; Cahours, Jahresber., 1873, 
p. 518 ; Ber., 1873, 6, 567 ; Compt. rend., 1873, 76, 133, 748, 1383. 

^ Hartwig, Ber., 1874, 7, 298 ; Annalen, 1875, 176, 264. 

® Friedel and Crafts, Annalen, 1865, 136, 203 ; 1863, 127, 31 ; Ladenburg, Annalen, 
1872, 164, 302, 327 ; Pape, Annalen, 1884, 222, 359, 370 ; Ladenburg, Annalen, 1874, 173, 
148 ; Friedel and Ladenburg, Ann. Chim. Phys., 1880, [o], 19, 401 ; Annalen, 1880, 
203, 251. 

® Winkler, J. prakt. Chem., 1845, [2}, 36, 204. 

’ Cahours, Annalen, 1862, 122, 59 ; Jahresber., 1873, p. 519 ; Frankland, Annaleii, 
1859, III, 50 ; Frankland and Lawrance, Trans. Chem,. Soc., 1879, 35, 130 ; Morgunow, 
Annalen, 1867, 144, 157 ; Buckton, Annalen, 1859, 109, 225 ; Pope and Peachey, Proc. 
Chem. 80 c., 1912, 28, 42, 116. 

® Cahours, Annalen, 1862, 122, 67 ; Buckton, Annalen, 1859, 109, 222 ; 1859, 112, 226; 
Frankland and Lawrance, J. Chem. Soc., 1879, 35, 245. 

® Cahours and Hofmann, Annalen, 1857, 104. 1 ; Hofmann, Annalen Spl., 1861, i, 7 ; 
Dreohael and Finkelstein, Ber., 1871, 4, 352 ; Wlch^aus, Ber., 1868, l, 80. 

Cahours and Hofmann, Compt. rend., 1855, 41, 834; Jahresber., 1855, p. 538; 
Cahours, Annalen, 1862, 122, 219 ; Hofmann, Annalen, 1857, 103, 357. 

Buckton, Trans. Chem. Soc., 1863, 16, 22 ; Jahresber., 1863, p. 470. 

Marquardt, Ber., 1887, 20, 1517 ; ibid., 1888, 21, 2038. 

Hilpert and Griittner, Ber., 1913, 46, 1675. 

Chambers and Scherer, J. Amer. Chem. Soc., 1926, 48, 10.54. 

Lohr, Annalen, 1853, 87, 55. 

Krause, Ber., 1917, 50, 18145. 
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decomposed by ^vater. the process takes some hours to reach completion. 
As in the case of niagne.sium and zinc, only one aryl compound of cadmium 
is known, cadmium diphenyl. It is prepared by heating* mercury 
diphenyl and metallic cadmium in an atmosphere of hydrogen, but the 
product appears to be very unstable in the dry state, discolouring in a 
vacuum desiccator e\'en when allowed to stand for an hour.^ The 
cadmium ma}^ be replaced by mercury or zinc under suitable conditions. 

The only remaining metal in the group to be discussed is mercury. 
This element forms such an enormous variety of organic compounds 
that they are dealt with in subsequent chapters. No other element is 
known which will replace the hydrogen of organic derivatives with such 
case. All other metals of the periodic classification are only introduced 
singly into organic residues, u’hereas two to five mercury residues may 
become attached to a molecule in a single operation, e.g. penta-acetoxy- 
mereuriaeetanilide. like the other members of Group II., it forms* 
compounds of the type hnt these are far more stable than any 
prcviousl}^ described. A second t)q:>e, Rl^IX, is also known, which 
resembles the Griguard reagent RMgX in formula only, showing no 
other relation to the inaguesium compounds. These two types of 
inercuiT c*om]>ouiids are dealt with in the subsequent chapter. 

Beryllium. 

Beryllium dimethyl, Be{CH3)2.2-— This compound is prepared by 
the* interaction of anhydrous bei*yllium chloride and magnesium methjd 
iodide. Owing to the Itygroscopic nature of the beryilium chloride and 
the instability of lieryllinm dimethyl in air, the reaction is carried out in 
a specially designed apparatus in an atmosphere of dry hydrogen or 
nitrogen. Beryllium dimethyl crystallises from hot concentrated ethereal 
solution in snow-wliite needles, and it has the same form when it sub- 
limes at about 200° C. *withont melting. Its ethereal solutions fume 
strongly on exposure to the atmosphere. When suddenly overheated, 
it is partially decomposed, leaving a brown or grey mirror. In air it is 
sjjontancously inflammable, especially in the presence of moisture. 
Imriiing vith a luminous flame, and evolving white fumes of beryllium 
oxide. It is violently decomposed by water, yielding methane. In the 
solid state it even inflames when treated vsdth carbon dioxide, but if in 
ethereal solution it yields acetic acid. It reacts with phenyl carbimidc 
in ethereal solution giving the anilide, and with amaphthyl carbimide, 
accto-a-naphthalide is formed. With MicMer's ketone it gives an 
inuuediatc positi’ii*e colour reaction, with benzophenone it forms di- 
phenyimethylcarbinol, and with benzoyl chloride phenyldimethyl- 
earbinol is produced. The reaction with iodine is* very vigorous, 
probably forming ber}^llium methyl iodide. 

Beryllium diethyl, Be(C 2 Hg) 2 , prepared in a similar manner to 
the preceding compound, is a colourless liquid, B.pt. 93° to 95° C. at 
4 mm. or 110° C. at 15 mm. It distils at 180° to 240° C. at ordinary 
pressure, with considerable decomposition, and when solidified in carbon 
dioxide-ether freezing mixture white crystals are formed, which melt on 
warming to 13° to — 11° C. It resembles the corresponding dimethyl 
derivative in oxidisability and inflammability. With water it yields 

1 Hilpeit and Gruttner, 5er., 1913, 46 , 1675. 

* Gilman and Sehuke, J. Chein. iSoc., 1927, p. 2663. 
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ethane, and its ethereal solution with carbon dioxide gives triethjd* 
carhinol. It gives a positive colour reaction vith Michler’s ketone, 
reduces benzophenone to benzhydrol, reacts vigorously \vith iodine 
and with an excess of an ethereal solution of berylliiun chloride, a 
solution having the characteristics of beryllium ethyl chloride is 
obtained. ^ 

Beryllium propyl, 60 ( 03117 ) 2 , is a liquid, B.pt. 244° to 246° C., and 
does not solidify at —17° C. 

Beryllium di-n-butyl^ Be(C 4 Hg) 2 , is a clear, colourless liquid, 
having a mercaptan dike odour. It boils at 170° C. at 25 mm. It 
oxidises rapidly in air, but is not spontaneously inflammable. It is 
decomposed by water, reacts with phenylcarbiraide, and gives a blue 
colour with Michler’s ketone. 

Beryllium diphenyl, Be{CgH 5 ) 2 , and beryllium di-p-tolyl, 
Be(C 6 H 4 .CH 3 ). 2 , may be readily prepared by heating beryllium with 
equivalent quantities of mercury diphenyl and mercury di*p*tolyl and 
a trace of mercuric chloride in sealed tubes at 225° C. for six hours. 

Beryllium methyl and ethyl iodides,^ Be(CH 3 )I and Be(CsjH 5 )I. 
— These compounds are best prepared as follows ; About 0-5 gram of 
powdered beryllium, 0-2 to 0-5 gram of mercuric chloride, 5 c.c. of the 
alkyl halide, and 25 c.c. of ether are heated for at least fifteen hours at 80° 
to 90° C. in a suitable bottle, the neck of which has been drawn out to a 
fine capillary . The product is then removed from the bottle by breaking 
the capillary, the pressure inside being sufficient to force the liquid out. 

The ethereal solutions of these iodides do not fume in air, and 
removal of the solvent gives a liquid, which 011 further heating e^'ol^'■es 
dense white fiimes, probably of beryllhim oxide. Heating changes the 
alkyl beryllium halides to beryllium dialkyls. All the alkyl halide com- 
pounds are decomposed by water, with formation of the corresponding 
hydrocarbon. When carbon dioxide is passed through ethereal beryl- 
lium methyl iodide for three hours, the solution still gives a positive test 
and no acetic acid is found after hydrolysis. Acetanilide is formed from 
beryllium methyl iodide and phenyl isocyanate. 

In a similar manner befylliuni ethyl bromide, Be(C 2 H 5 )Br, and 
hei'yllium n-hutyl iodide, Be{C 4 Hg)I, are prepared. In these cases 
beryllium chloride or free bromine may be used as catalysts. 

Beryllium phenyl iodide, Be{CgH 5 )I, gives a positive te.st when 
prepared in the presence of mercuric chloride after fifteen hours heat- 
ing at 80° to 90° C., and is also readily prepared by heating at 150° 
to 175° C. with either mercuric or beryllium chloride as catalyst. 

Magnesium. 

Magnesium dimethyl, Mg(CH 3 ) 2 ,^ may be prepared by heating 
magnesium turnings with mercury dimethyl for thirty-six hours at 
130° C. It is described as a grey-yellow mass, which reacts mth ex- 
plosive violence mth water. The addition of acetyl chloride to a well- 
cooled ethereal solution of the compound in a nitrogen atmosphere 

1 Cahours, AnnaUn, 1860, II4> 243. 

2 Gilman and Schulze, he. cit. 

3 Gilman and Schulze, J. Amer. Chem. Soc., 1927, 49, 2904 ; see Durand, Compt. rend., 
1926, 182, 1162. 

* Ldhr, Annalen, 1891, 261, 48 ; Fleck, Ammlen, 1893, 276, 129. 
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yields trimethyl carbinol. When hydrogen iodide is passed into the 
mixture, tertiary butyl iodide is formed. 

Magnesium diethyl, Mg(C' 2 H 5 ) 2 . ^ — Fi*csh mercury diethyl and 
magnesiiuii powder are heated together in a scaled tube at 130° C. in 
the presence of a small amount of mercuric chloride. The product thus 
isolated is a light grey or brown powden spontaneously inflammable in 
air. Magnesium diethyl is .soluble in ether, this solution reacting with 
an ethereal solution of acetyl chloride to give methyldiethyl carbinol. 

Magnesium dipropyl, Mg{C 3 H 7 ) 2 , has been prepared without the 
use of a c-atalyst.^ 

Magnesium diphenyl, MgPh 2 - — Mercury diphenyl and magnesium 
powder are heated to 200° C. in an atmosphere of nitrogen, when the 
magnesium compound is isolated as a white powder. It is insoluble in 
carbon disnlphide or benzene, but soluble in absolute ether, and when 
boiled in the latter solvent in a stream of hydrogen, filtered and evapor- 
ated under 5° C. the compound crystallises in transparent feathery 
needles. These contain ether of crystallisation which may be removed 
by the heat of the hand, an amorphous product resulting.® It bums in 
-air. forming magiiesiinn oxide, and by slow oxidation gives Mg(OPh). 2 . 
Water decomposes magnesium diphenyl with the formation of benzene 
and magnesium h)*droxide. Bromine in ethereal solution forms bromo- 
benzene and magnesium bromide, no magnesium phenyl bromide being 
isolated. With phosphorus trichloride only traces of diphenyl phos- 
])liorus chloride are formed. Be-iizal chloride reacts with the compound 
when heated for three hours in a sealed tube at 100° C., giving triphcnyl 
methane and magnesium chloride. When magnesium diphenyl i,s 
heated in a scaled tube at 280° C. until it decomposes, the principal 
product obtained by extraction of the product with benzene is 
diphenyl. 



Zinc. 

Zinc dimethyl, Zn{CH 3)2 or ZnMe 2 , may be prepared in several 
ways : 

1. By heating methyl iodide wth an excess of zinc in a sealed tube 
at 150° to 160° C.^ 

2. IVIetliyl iodide and dry zinc turnings or dust are heated for six to 
nine days in an iron flask carrying a reflux condenser, the reaction 
product being distilled in an atmosphere of carbon dioxide.® 

3. Methyl iodide and zinc are heated together to form zinc methyl 
iodide, Me.ZnI, which is decomposed on distillation to yield zinc methyl 
and zinc iodide.® 

4. Three parts of methyl iodide and two parts of anhydrous ether 

* Gilman and Schulze, J. Am&r. Chem. 8oc., 1927, 49, 2328 ,• see Lohr, ibid. ; Fleck, 
ibid. 

- Fleck, he. cit, 

3 Hilpert and Griittner, Ber., 1913, 46, 1675 ; Waga, Annalen, 1894, 281, 320. 

* Frankland, Annalen, 1853, 85, 347 ; see also Butlerow, Annalen, 1867, 144, 2. 

= Ssimoiio\ritsch, J. Russ. Phys. Chem. Soc., 1898, 30, 40 ; CImn. Zentr., 1899, i. 
10(56; see Worobjeff, J. Ricss. Phys. Chem. Soc., 1899, 31, 45; Ghem. Zentr. 1899, 1. 
K/67 ; Ipatiew, J. prakt. Chem., 1896, [2], 53, 275 ; Kaulfuss, Ber., 1887, 20, 3104. 

“ Frankland, Annalen, 1855, 95, 28; Wanklyn, Trans. Chem. Soc., 1861, 13, 124; 
Fileti and Cantapiilo, Gazzetta, 1892, 22, ii. 388; Lachmann, Amer. Chem. J., 1900, 24, 
33, 34. ^ 
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are heated with 7inc in a co}:>per digester at 100° C. for six hours. The 
reaction mixture is then chstilled from the water-bath, the fraction 
between 48° to 51° C. corresponding to 2Zn>Ie;>.Et20. If mctliyl ether 
is used, SZiiMeg.McjO is obtained, which distils about 43° C,, and in the 
absence of ether, pure zinc dimethyl is isolated.^ 

5. One hundred and twenty parts of methyl iodide, 90 parts of 
zinc, and 100 parts of 1 per cent, sodium amalgam and a drop of 
etliyl acetate are mixed in the cold. They are then heated to 45° C. 
for thirty-six hours and the bath finally raised to 90° C., when the 
contents of the flask solidify. Distillation from an oil bath produces 
zinc dimethyl, distilling at 47° C. constant.^ 

G. By heating methyl iodide with zinc-copper couple.^ • 

Zinc dimethyl is a colourless, strongly refracting liquid, having a 
characteristic, pungent smell and is very volatile. When cooled in a 
freezing mixture it solidifies and melts at —40° C.^ It boils at 46° C. and 
has a density of 1 -386 at 10-5° C.^ In air it is spontaneously inflammable, 
burning with a greenish-blue flame,® but if the oxidation is allowed to 
proceed slowly, zinc methyl methylate, ZnMe.OMe,is produced, together 
wdth some zinc methylate, Zn{OMe) 2 .’ Water decomposes zinc di- 
methyl with formation of zinc hydroxide and methane. Zinc dimethyl 
undergoes reactions with various substances, as indicated in the following 
table : — 



REACTIONS OF ZINC DIMETHYL. 



Reacting , Substance. 


Resulting Products. 


Rrferexck.^. 


Siilpliiir di< ixide. 


Methane sulpliiiiic acid. 


Hobson, Annalen, 18.5S, 106, 288. 


Mtric oxide. 


Conipoundof methylnitroso. 
hydroxylamine. 

Z niMeg. Zn( 


Frankland, Annalen, I860, 99, 
369. 


Pliosgene. 


Trimethylcarbinol . 


Butlerow, Jahresber., 1863, p. 
47.5; 1864, p. 496. 


Tertiary butyl iodide. 


Tetraniethylmethane . 


Lwow, Zeitsch. Chem., 1870, p. 
520. 


Acetone Chloride, 
Me^CClj. 


Tetramethylm ethane . 


Lwow, Zeitsch. Chem., 1871, p. 
257. 


Acetyl chloride, then 
water. 

Acetyl chloride, using 
excess of zinc di- 
methyl, then treat- 
ing with water after 
long standing. 


Acetone. 

Trimethylcarbinol . 


Freund, Annalen, 1861, 118, 12 ; 
Butlerow, Annalen, 1867, 144, 
2 ; see Pawlow, Annalen, 
1877, 188, 106, 114, 118. 



^ Prankland, Trans, Chem, Soc., 1861, 13, 124 ; see also IVanldyn, loc. cit. 

® Ladenburg, Annalen, 1874, 173, 147 ; Wagner, J. prakt, GJmn., 1891, [2], 44, 261. 

* Renshaw and Greenlaw, J. Amer, Chem. Soc„ 1920, 42, 1472. 

* Hasse, Ber., 1893, 26, 1053. 

^ Frankland and Duppa, Annalen, 1864, 130, 119, 

® Frankland, Annalen, 1863, 85, 347. 

’ Butlerow, Zeitsch. Chem., 1864, p. 403 ; Jahresber., 1864, p. 467. 

VOL, XI. : I. 
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Reactions of Zinc 'Divci&thjl— continued. 



Reacting Substance. 


Resulting Products. 


REFEaSNOES. 


Chloral. 


Trichloro isopropyl 

alcohol. 


GarzaroUi-Thurnlakh, Annalen, 
1881, 210, 77. 


Silicon tetrachloride. 


Silicon tetrametliyl. 


Friedel and Crafts, Ann. Chim. 
Phys., 1870, [41, 19, 360; 
Annalen, 1865, 136, 203. 


Lead chloride. 


Lead tetrametliyl. 


Cahours, Annalen, 1862, 122, 67. 


Phosphorus tri- 
chloride. 


Compound of zinc chloride 
and trimethyl phosphine. 


Cahours and Hofmann, Compt. 
rend., 1855, 41, 832 ; Jahres- 
ber., 1885, p. 537 ; Annalen, 
1857, 104, 29. 


Arsenic trichloride. 


Ti'imethylarsine. 


do. 


Tin diethyl di-iodide. 


Tin dimethyl diethyl. 


Frankland, Annakn, 1859, m, 
50. 


Tin triethj'l Iodide. 


Tin methyl trlethyl. 


Cahours, Annalen, 1862, 122, 60. 


Methi'lmercuric iodide. 


Mercury dimethyl. 


Buckton, Annalen, 1859, 109, 
222. 


Methyl alcohol (small 
quantity). 
„ (excess). 


Zinc methyl methylate. 
Zinc methylate. 


Butlerow, Jahresber., 1864, p. 
467. 

do. 


Ethyl alcohol. 


Zinc ethylate. 


Tolkatscliew, J. Russ. Phys. 
Chem. Soc., 1901, 33, 470 ; 
Chem. Zentr., 1901, li. 1200. 


Acetone. 


Mesityl oxide and higher 
condensation products. 


Pawlow, Annalen, 1877, 1 88, 133. 


Chlorofonnic ethyl 

ester. 


Ethylene, methane, carbon 
dioxide, zinc chloride. 


Butlerow, Jahresber., 1863, p. 
474; Zeitsch. Chem., 1863, p. 
486. 


1 .Bromo. 1-nitro- 

ethane. 


2'Nitropropane. 


Bewad, J. prakt. Chem., 1893, 
[2], 48, 352. 


Tetraethylrater of 
ortliosilicic acid. 


Zinc methyl ethylate, tri- 
cthyl ester of methyl 
orthosilieic acid. 


Ladenburg, Annahn, 1874, 173, 
148. 



Zinc diethyl, Zn(C 2 H 5)2 or ZnEtg, may be obtained : 

1. Ninety grams of zinc filings and 10 grams of finely divided 
copper (from the oxide) are heated with a good fiame in a 300*c.c. 
capaeity fiask, to form a couple. Then 87 grams of ethyl iodide are 
added and the whole heated at 90° C. In fifteen minutes the conversion 
to ethiodide is complete and the product is distilled in a hydrogen 
atmosphere, 31 grams of zinc diethyl being obtained, 90-4 per cent.^ 

1 Gladstone and Tribe, Tram. QUm. Soc., 1879, 35, 571 ; see Lachnxan, Amer. Chem. J., 
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2. By heatin" ethyl iodide with an excess of zinc in a scaled tube at 
150° to 1G0°C.’^ ' 

3. Equal volumes of ether and ethyl iodide are heated in a copper 
digester at 130° C. and the reaction product distilled.^ 

4. By heating an alloy of zinc and sodium with ethyl iodide in a 
carbon dioxide atmosphere.® 

5. Mercury diethyl and zinc are heated in a sealed tube at 100° C.'^ 
Zinc diethyl is a colourless liquid of penetrating odour, spontaneously 

inflammable in air.® It may be solidifled in a freezing mixture and melts 
at —28° C.® It boils at 118° C., and has a density of 1-182 at 18° C. 
and 1-245 at 8 ° C.’ 

The molecular refraction and dispersion of zinc diethyl compared 
with tin tetraethyl is as follows : — ® 





Temp. 


Density. 


uk. 


«D. 


Mp. 


nu. 


ZnEt 2 
SnEt 4 


8 - 0 ° C. 
0 ° C. 


1-245 

1-4089 


1-4936 

1-5065 


1-5143 


1-5141 


1-5336 

1-5403 



Experimental. 



Molecular Refraction, 



ZnEtj 

SuEti 



48-88 

48-12 



Molecular 

DLspersioii. 



3-97 

5-54 



Theoretical. 



Molecular 

Refraction. 



42 8 
84-6 



Molecular 

Dispersion. 



The heat of formation of zinc diethyl from its elements is as follows : — ® 

[Zn] +4[C] +5(H 2 ) =ZnEta —31,800 calories. 

Zinc diethyl is decomposed by sulphuric and hydrochloric acids uith 
evolution of heat : 

ZnEtg +H 2 SO 4 = 2 C 2 He+ZnS 04 +79,800 calorie.s. 

ZnEt., + 2 HCI = 2 C 2 He -f ZnCl 2 +78,000 calories. 

' Prankland, Anmlen, 1853, 85, 360. 

^ Pranklancl, Anmlen, 1855, 95, 28 ; see also Pebal, Anmlen, 1801, 118, 22; ibid., 
1862, 122, 105. 

® Rletli and Bellstein, Annalen, 1862, 123, 246 ; 1863, 126, 248 ; see also Alexeyefi and 
Beilsteln, Jahresber., 1864, p. 469 ; Compt. rend., 1864, 58, 171 ; Bewad, J, prakt. C!hem,, 
1849, [2], 48, 350 ; Rathke, Annalen, 1869, 152, 220. 

^ Frankland and Duppa, Trans. Ghem. Soc., 1864, 17,29; Annalen, 1864, 130, 11". 
Pol- other methods using sdne and ethyl iodide, see Fi-anHand, Annalen, 1853, 85, 
300 ; Wlchelhans, AnnaMi, 1869, 152, 321 ; Ssimonowitsch, J. Suss. Phys. Chem. Soc., 
1899, 31, 40 ; Chem. Zentr., 1899, 1. 1066 ; Fileti and Cantapulo, Gazzetta, 1892, 22, il. 
387; Chapman, Zdtschrift fur Chemie, 1867, p. 74; Kahlfuss, Ber., 1887, 20, 3L54; 
Schon, J. prakt. Chem., 1850, [2], 51, 100. 

® Frankland, Annalen, 1^5, 95, 42. 
o Haase, Ber., 1893, 26. 1053. 

’ Gladstone, Trans. Chem. Soc,, 1891, 59, 293. 

® Gladstone, ibid, 

* Guntz, Jahresber,, 1887, p. 242. 
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The reactions between 'zinc diethyl and various compounds have 
been collected together in the following table : — 



REACTIONS OF ZINC DIETHYL. 



Reacting i^nlj.stfincc. 


Resulting Products. 


References. 


Cliloi’inc, bromine, or 


Decomposition with vio- 


Fraiildand, Annalen. 1855, 95 , 


i-odino. 

] 

! 


Imce, inflaming in the 
ease of chlorine. 


5i. 


j 

1 Bromine or iodine in 
j ether solution. 


Ethyl halide, zinc halide. 


do. 


I Air passed through 
i ctlier solution of 
1 zinc diethyl. 

1 

1 

1 


C'oiiipmmd EtZn.O.O.Et. 


Demuth and Meyer, Ber., 1890, 
23 , 394 ; see also Fraiikland, 
Annalen, 1855, 95 , 42 ; Franh- 
land and Diippa, Annalen, 
1865, 13 s, 30. 


"Water. 

1 

1 


Zinc hydroxide, ethane. 


Eranklaiid, Annalen, 1853, 85 . 
.360. 


1 

Sulphur dio\;ide or tri- 
ovide. 


Ethane siilphinlc acid. 


Wischin, Ammlen, 1866. 139 . 
3(57 ; see also Hobson, An/ia^ 
len, 1857. 102 , 76. 

Frankhind, Aniuden, 1856, 99 , 


Nitric o.Nide. 


Conipmiiid ZnEt^.Zn 


1 




345. 


1 

' Ammonia gas passed 
j into ether solution 
of zinc diethyl. 


Zincaniide. ZnlNHolo. 


Fraiikhuid, Jahresber., 1857. ]>. 
418 ; J. imtht. Ohem., 1858, 
[1], 73, 35. 


Cy.nu )"eu. 


Ethyl cyanide. 


Franldand and Graham, Trans, 
Ghem. Soc., 1880, 37 , 740. 


1 Cj’niKigpii chloride. 

1 

t 


Etlryl cyanide. 


Gal, Compt. rend,, 1868, 66 , 49 ; 
Annolen, 1868, 147 , 27. 


’ Cyanogen iodide. 


Zinc cyanide, ethyl iodide. 


Calmels, Compt. rend., 1884, 99 , 
239 ; Bull. Soc. chim., 1885, 
[ 2 ], 43 , 82. 


bi([uid carbon dioxide 
under )>ressure. 


Zinc propionate. 


Schmitt, J. praU. Chem,, 1847, 
[21, 42 , 568. 


Sod iu 111 . 


Compound ZnEt>.NaEt. 


Wanklyn, Annalen, 1858, 107 . 
125 ; 1858, 108 , 70. 


1 Phosi>horiis trichloride, 


Compound of zinc chloride 


Cahours and Hofmann, Compt. 


I 


and triethylphospliine. 


1 -end., 1855, 41 , 832 ; Jahres- 
ber., 1855, p. 537 ; Annalen, 
1857, 104 , 7 ; Annalen Bpl., 
1861, I, 2. 


1 

1 Arsenic trichloride. 


Triethylarslne. 


do. 


Antimony tiichloride. 


Triethylstibine. 


Hofmann, Annalen, 1857, 103 , 
357. 


Silicon tetrachloride. 


Silicon tetraethyl. 


Friedel and Crafts, Ann. Chim, 
Phys., 1870, [4], 19 , 335 ; 
Annalen, 186.3, 127 , 31. 
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Reactions of Zinc Diethyl — continued. 



Reacting 8 ubstancc. 


Resulting Products. 


Rbferexces. 


(Stannous chloride. 


Tin tetraethyl. 


hYanldand and Lav/rance, Tnuis. 
Okem. Soc., 1879, 35 , 130. 


Lead oliloridc. 


Lead tetraethyl. 


Buckton, Annahn, 1839, 109 . 
223 ; 1 12 , 226 : Erankland 
and Lawanco, Trans. Ckein. 
Soc., 1879, 35 , 244. 


Mercurous or mercuric 
chloride. 


Mercury diethyl. 


Buckton, Annaleti, 1839, 109 , 
219 ; Juhresber., 1858, p. 390. 


Cupric chloride. 


Ethane, butane, ethylene, 
metallic copjier. 


Wanklyn and Carius, Annalen^ 
1861, 120 , 69. 


(Silver cliloridc, ferric 
iodide, /.irconiuin 
chloride, titanium 
chloride. 


Similar to above. 


Wanklyn and Carlus, ibid. ; 

Buckton, Annalen, 1839, 109 , 
• 225 ; Hinsberg, Annalen, 1887, 
239 , 254 ; PaternO and Pova- 
toner, Ber., 1889, 22 , 467. 


JMethylmerciirie iodide. 


Mercury diethyl, zinc di* 
methyl. 


Ei'^ankland, Annalen, 1859, nr, 
57 ; Jahresber., 1859, p. 413, 


Ethyliuei'curlc iodide. 


Mercury diethyl. 


Buckton, Annalen, 1859, 109 , 
222; Jahresber., 1838, p. 390, 


Tin dietliyl di-iodido. 


Tin tetraethyl. 


BuclHon. ibid. ; i'hanliland, 
Annalin, 1859, in, 46. 


Carbon bisulphide. 


Conipouud ZiiEtj.OSo. 


Grabowski, Annalen, 1866, 138 , 
1G5. 


Chloroform. 


Probably Et.CH-CH.CH 3 
and some propylene. 


Rieth and Beilstein, Annalen, 
1862, 124 , 245, 


Carbon tetrachloride. 


Ethylene, prox>ylene. 


do. 


Bromoform. 


Ethyl bromide, propylene. 


Alex(?yeff and Beilstein, Bull. 
Soc. chUn.., 1864, [2 1 , 2 , 32 ; 
Jahresber., 1864, j), 470. 


Vinyl bromide. 


a- Butylene. 


"Wurtz, Annalen, 1869, 152 , 22 ; 
see also Chapman, Trans. 
Ghem. Soc., 1867, 20 , 28 ; 
Annalen, 1867, 144 , 255. 


tert. Butyl Iodide. 


Trimethylethylinetliane. 


Gonainow, Annalen, 1873, 165 , 
107. 


Allyl iodide. 


Ethylene, proi)ylene, pen* 
tane, diallyl and a hydro- 
carbon, C 5 H 10 . 


Wurtz, Annalen, 1862, 123 , 203 ; 
1863, 127 , 55 ,• 1868, 148 , 36 ; 
see also Wagner and (Suizew, 
Annalen, 1875, 179 , 304. 


Methylene iodide. 


Ethylene, butane. 


Lwow, J. Bnss. Phys. Ghem. 
Soc., 1870, 3 , 170 ; Jahresber., 
1871, p. 419. 
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Reactions of Zinc Diethyl — continued. 



Beactiiig Hiibstancxs. 


Resulting Products. 


REl-EKKNOnS. 


Nitroetliaiie, tlioii 
water, 

-X itr< jpru|)aiie, tlic a 
water. 


2 ‘Nitr<ibiitalie, OH^.CH 

(NOj,).C;triiiudN-cthyl* 
X <see. -biity Ihy droxyh 
amine, CH 3 .C‘H(CoH 5 ). 
N( 0 H).C 2 H 3 . 

‘2-Nitr(i-2*inetliyl-bntaiic 
and N-cthyPN-tort.- 

ainylhydi’oxyiaiuiiie. 


Bewjd, J. jyrcikt. Ohem., 1901, 
[2J, 63 , 90, 193 ; see also Lacli- 
niaii, J. Ainer. Chew,. Soc., 
1.901, 23 , 897 ; Mamlock and 
\\'nlffonsteiii, Ber,, 1901, 34 , 
2-199. 

do. 


l.Bruino.l-iiitro- 

etliaiic. 


2 -Nitrohutaiic. 


Rewad, J. Biiw. Ph)ji. Ohem. 
Boc., 1888, 20 , 133 ; J. pmkt. 
Chem., 1893, [2|, 48 , 330. 


Alkyl nitrites, 

II.O.XU. 


Dicthylhydi'o.\ylanniit’, 
(CjH-J^N.OH, and 
alcohoL of tyjK* B.OH. 


Bewad. J. ■i>rakl. Ohem., 1901, 
[2], 63 , 95. 


Xltrosol)eiJzolie. 


Phenyl hydro.xylainine, 
azoxybeiizcne. 


Lacliman, Amcr. Oho»i. J., 1899, 
21 , 437, 442 ; J. Amer. Chem. 
Soc., 1901, 23 , 901. 


Paraldehyde or alky- 
lene oxides. 


1 

No action. 


Ortiiiiclistadteii and ^Verner, 
Alomtsh., 1901, 22 , 323, 325. 


Acet. aldehyde. 


Methy letlylea rbiiiol. 


■\Vagiicr, J, Phijn. Ohem. 

Soc., 1870. 8 , 39 ; Aivialen, 
1876, 181 , 261. 


Acrolein. 

1 


Ethyl vinylcai binol. 


^Vagner, J. Pms. Phys. Ohem. 
Soc., 1884. 16 , 315. 


Chloral or hulyro- 
chloiml. 

j 


Eihyleus and coi’re.sjxmd- 
ing primary alcohols. 


( irazaroIli-TJuirulakli, A nnahn, 
1881, 210 , 03; 1SS2, 213 , 

369 ; see also Delacre, Compt. 
rend., 1887, 104 , 1184 ; Bull. 
Soc. chim.., 1887, [2], 48 , 784. 


! Dichleroacetal. 

1 


Ethyl chloride, propylene, 
diethyl ether. 


PaternO, Anmlen, 1809, 150 , 134. 


. Acetone. 


Mesityl oxide alul other 
condensation products. 


Pawlow, .inmlen, 1877, 188 , 
- 130. 


CMorodhuethyl ether. 
Similar reaction with 
chloromethylethyl 
ether. 


Metliylpropyl ether. 


Henry, Oompt. rend., 1891, 113 , 
369 ; Bull. Soc. chim., 1892, 
[31, 7 . 150. 


Diethyl oxalate or 
ethyl oSalyl chloride. 


a*Oxy(lietliyl-aeetic ethyl 
ester. 


Franldand, Ajinalen, 1863, 126 , 
109 ; Fi-anMand and Duppa, 
Anmlen, 1865, 135 , 29 ; 

Hemy, Ber., 1872, 5 , 950. 


Malonic ester. 


Phloroglucin dicai'boxylic 
acid diethyl ester. 


Lang, Ber., 1886, 19 , 2938 ; see 
also Moore, Trans. Chem. Soc., 
1904, 85 , 165. 
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Reactions of Zinc Diethyl — continued. 



Reacting Su Instance. 


Resulting Products. 


References. 


Acetyl chloride. 


Methyldiethjdcarbinol or 
methylethyl ketone. 


Erennd, AJinalen, 1861, 118, 3; 
Bntlerow, Zeiteck. Qhem., 
1865, p. 614. 


Isobutyryl chloride, 
then water. 


Etlij'lenp, ethylisopropyl 
ketone, ethylisopropyl 
carbinol, diethyliso- 

propyl carbinol 


Grigorowitsch and Pawlow, 

J’Ay.s. Chem, Soc., 1891, 
23, 162. 


Benzoyl chloride. 


Ethylphenyl ketone. 


Freund, Anmlen, 1861,- 118, 20 ; 
Kalle, Annalen, 1861, 119, 165. 


Acetic anhych’ide. 


Methylethyl ketone. 


Granichstadten and IVerner, 
Monatsh., 1901, 22, 815. 


Acetamide. 


Zinc acetamhle. Zu(NH. 
CO.CHj)^, ethane. 


Frankland, Jahresber., 1857, p. 
419 ,‘ Gal, Bull. Boc. chim., 
1883, [21, 39, 647. 


Oxaniide. 


Zinc oxamide, ethane. 


do. 


Etliylamiiie. 


Ethane, compound 

Zn(NH.C2H3)„. 


Gal, Bull. Soc. chim., 1883, [2], 
39, 583. 


Diethylamine. 

Trlethylamine ol‘ tri- 
ethylphosphine. 


Compound Zii[N(CaH3),h. 
No action. 


Frankland, Jahresber., 1857, p. 
419. 

Gal, foe. cit. 


Dlphenylnitl’osamine. 


Diethylhydroxylainine. 


Laeliman, Amer. Cheni. J., 1899, 
21, 436 ; Ber., 1900, 33, 1022 ; 
see also Japp and Wilcox, 
Trans. Chem. Soc., 1880, 37, 
665 ; Japp and Miller, Trans. 
Chem. Soc., 1881, 39, 224. 


Tetraethyl ester of 
orthosilicic acid and 
sodium. 


Triethylsilicane, tetra- 

ethylslllcane, trlethyl- 
silicyl ethyl ether, di. 
ethyl diethoxysillcane, 
ethyl triethoxysilicane. 


Ladeubiirg, Anmlen, 1872, 164, 
301. 



Zinc dipropyi, Zn(C 3 H 7 ) 2 , is obtained as follows : — 

1. By heating mercury dipropvl and zinc in a sealed tube at 120° to 
130° C.i 

2. By heating propyl iodide and zinc turnings under a reflux con- 
denser at 130° C.2 Yield 30 per cent. 

3. By heating together propyl iodide and zinc copper couple, then 
distilling the reaction mixture in a stream of carbon dioxide. Yield 
75 per cent,^ 



^ Cahours, Compt. re)id., 1873, y6, 135, 751 ; Jahresber., 1878, p. 518. 

2 Pape, Ber., 1881, 14, 1873. 

® Gladstone and Tribe, Ber., 1873, 6, 1136; see also Henry, Compt. rend., 1891, 113, 
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4. P^op^’■l iodide, 140 grams, and 5 grams of sodium zinc alloy arc 
heated 280 to 350 grams of zinc turnings for four to fi\'e days on 
the water-bath. Distillation of the product gives a 43 to 50 per cent, 
yield of zinc dipropyl . ^ 

Zinc dipropyl is a colourless, Iicavy liquid of very unpleasant smell, 
and its boiling-point differs according to the various investigators as 
follows : 14G° C. (Gladstone and Tribe) ; 148° C. (Schtscherbakoff) ; 
150° C. (Pape) ,• 158° to 160° C. (Cahours). It undergoes the following 
reactions •. — 

1. Decomposed by water, with evolution of propane. 

2. IVith phosphorus and arse 2 iic trichlorides it yields triproi^yJ* 
phosphine and tripropylarsine respectively. 

3. \\'ith trichlorosilicane it gives tripropyl and tetrapropyisilicanes." 

4. With tin tiipropyl iodide, tin tetrapropyl is formed. 

5. IVith acetaldehyde, ethyl alcohol and methylpropylcarbinol are 
formed .2 

G. Chlorodimethyl ether with zinc dipropyl yields methyl -n-butyl 
ether. ^ 

7. IVith acetyl diloride, methylpropylcarbinol is formed and 
propylene evolved.® In a similar way butyryl chloride gives dipropyl 
earbinol.® 

Zinc di -isopropyl, Zn(C 3 H 7 ) 2 , results as follows ; — 

1. Isopropyl iodide and zinc copper couple are heated at 50° C. and 
linally at 100° C.’ 

2. Isopropyl iodide (170 grams) in 100 grams of ether arc heated for 
nine hours with 100 grams of zinc and 2 to 3 grams of sodium zinc alloy 
on a boiling water-bath, and the product distilled from an oil bath in a 
stream of carbon dioxide.® 

3. Isopropyl iodide (125 grams) and 140 grams of zinc dust are 
added to a large quantity of zinc turnings and the whole heated at 40° C. 
on the water-bath. Yield 25 per cent.® 

Zinc di-isopropyl is a mobile liquid, fuming strongly in air and 
readily oxidised to zinc di-isopropylate, Zn(OC 3 li 7 ) 2 . It boils with some 
decomposition at 135° to 137° C., but without decomposition at 94° to 
98° C. at 40 mm. It inflames when a large surface is exposed to the 
atmosphere. 

Zinc di-isobutyl, Zn( 04 Hg) 2 , may be prepared by the following 
methods : — 

1. By heating mcrcuiy di-isobutyl and zinc in a sealed tube at 130° 
to 150° C.io 



' Schtschel-bakoff, J. Russ-. Phijs. OJmn. Soc., 1881, 13, 350 ; Jahresber., 1881, p. 890 : 
&)•., 1881, 14. 1710. 

- Paiw, Annalen, 1884, 222. 350 ; Ber., 1881, 14. 1873. 

3 Wagner, J. Rnss. Phys. Oliem. Boc., 1884, 16, 283. 

Henry, Bull. Boc. cMm., 1892, [3], 7, 150. 

s yiark,m’nik(^, J. Rnss. Phys, Cham.. Soc., 1883, 15, 406: Ber., 1883. 16, 2284; see 

f o Che,m. Soc., 1884, 16, 336 ; GarzaroUi-Thurnlackh, Annalen, 

IbS**"* 233» lo'x* 

® ScMscherbakoff, /. Ruas. Phys. Ghem. Soc., 1881, 13, 343 ; Jahresher., 1881, p. 890 ; 
see also Bogoniolez, Anmtlen, 1881, 209, 92. > r > 

’ Gladstone and Tribe, Ber., 1873, 6, 1136. 

8 Ragosin, J. Rusts. Phys. Ghem. Soc., 1892, 24, 550. 

» Bolim, .J. Rnss. Phys. Ghem. Soc., 1809, 31 46 

7’ If 21, S57i J. praU. 

Ghem., 1836, [2J, 8, 398 ; Marquardt, Ber., 1888, 21, 2038. 
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2. By heating zinc with isobutyl iodide for eight to ten hours on a 
water ‘bath, until gas evolution ceases, then rapidly distilling the product.^ 
Yield 35 to 41 per cent. 

3. By heating zinc and isopropyl iodide for sixty hours under a 
pressure of 30 mm. on a water-bath, then distilling off the product in an 
atmosphere of hydrogen. ^ 

Zinc di-isobutyl is a liquid, B.pt. 165° to 167° t., less readily oxidised 
than zinc dipropyl. It reacts vigorously with trihalides of phos- 
phorus and arsenic, yielding corresponding phosphines- and arsines. 
With acetaldehyde it forms principally ethyl alcohol, but also a little 
isobutyl alcohol,^ and with isovaleryl chloride it gives di-isobutyl 
ketone.^ 

Zinc di-isoamyl, Zn(CgHii) 2 , is prepared either by heating iso- 
amyl iodide and zinc at 180° C.® or by heating mercury di-isoamyl and 
zinc in a sealed tube at 130° C.® It is a liquid, fuming in air and boiling 
at 220° C. and has a density of 1-022 at 0° C. With acetaldehyde it 
forms methylisoamyl carbinol, isoamyl alcohol, and ethyl alcohol.’ 

Zinc methyl methylate, CH3.Zn.OCH3, is obtained by issolving 
zinc dimethyl in methyl iodide and passing air through the mixture or 
by treating zinc dimethyl with a little methyl alcohol.^ It forms a 
camphor-like, crystalline mass, usually containing some zinc dimethyl- 
atc, Zn{OCH 3 ) 2 , and is decomposed by water into methane, methyl 
alcohol, and zinc hj^droxide. 

Zinc methyl ethylate, CH 3 .Zn.OC 2 H 3 , is formed from zinc di- 
methyl and the tetraethyl ester of orthosilicic acid.® It is a crystalline 
compound, decomposed by water, with separation of zinc hydroxide. 

Zinc ethyl iodide, C 2 H 5 .ZnI, may be isolated by the following 
methods : — 

1. Ethyl iodide, zinc turnings, and a little zinc diethyl are allowed to 
stand in a sealed tube for about a week at room temperature.^® 

2. Ethyl iodide and zinc-copper couple are heated under reflux on a 
water-bath for thirty to sixty minutes. 

3. Equivalent quantities of zinc and ethyl iodide are mixed with an 
equal volume of ether in a reflux apparatus, the air replaced by carbon 
dioxide, and the mixture heated until all the zinc dissolves. The ether 
is then evaporated off, leaving the zinc ethyl iodide as a crystalline 
mass.^^ 

Zinc ethyl iodide is a white crystalline product which decomposes 
into zinc diethyl and zinc iodide when distilled in a stream of earbon 
dioxide. The following are some of the reactions carried out with zinc 
ethyl iodide : — 

^ GarzaroUi-Thumlacldi and Popper, Annalen, 1884, 223, 1C8. 

^ Ponzio, (xazzeMa, 1900, 30, ii. 23 ; Chem. Zentr., 1900, li. 624. 

^ Ssokoloff, J. Eusfi. Phys. Chem, 80 c., 1887, 19, 203 ; Jahresber., 1887, i>. 1351. 

* Ponzio, Gazzetta, 1905, 35, ii. 394. 

® Frankland, Annalen, 1853, 8$, 360. 

® Franldaiid and Dui>pa, Annalen, 1864, 130, 122 ; Marqiiardt, Ber., 1888, 21, 2038. 

’ Ssokoloff, J. Russ. Phys. Chem. Soc., 1887, 19, 203 ; Jahresber., 1887, p. 1351. 

® Butler ow, Jahresber., 1864, p. 467. 

® Ladenburg, Annalen, 1874, I73> 148. 

Flletl and Cantapulo, Gazzetta, 1892, 22, ii. 388; Lacliman, Am&r. Ohem. J., 1900, 
24, 33. 

Lachmaii, ibid. 

1* Michael, Amer. Chem. J., 1901, 25 423 ; see Job and Reich, Bull. 80 c. chim., 1923 
33, [fv.l, 1414. 
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1. When heated with powdered tin it forms tin tetraethyl d 

2. With isobutyl iodide it gives trimethylethylmethane, ethylene, 
and isobutylene.^ 

3. With allyl iodide it yields eth)d iodide, diallyl, niethylethylethy* 
lone, ethylene, propylene.® 

4. Zinc ethyl iodide with nitro- ethane gives ethyl- jS-sec-butyl* 
hydrox^’laniinc,^ and vith isoaniyl nitrite., ^.jS-diethylhydroxylamine. 

5. With ehloroacetyl ehloridc it gi\'es the ehloroaeetie ester 
of ehloroincthyldicth}‘lcarbinol, CH2C1.C(C2H5)2-0'C0.CH2C1 ; ® with 
bntyryl ehloiidc it forms hexanon-(3) ; ^ with ben'zo}d ehloride, ethyl 
})henyl ketone is obtained,'^ and with benzene sulphonic chloride, the 
main jjroduct is zine benzene snlphinate and a little sulphone. 

fi. Zinc ethyl iodide and diethyl malonate yield ethyl-diethj’l malon- 
atc and some diethvl ester of diethvl malonic acid.® 

7. Zinc ethyl iodide does not react with carbon dioxide.® 

Zinc ethyl trichloroethylate, C2ll5.Zn.O.CH2‘CCl3, is obtained by 
the action of zinc diethyl on chloral in ethereal solution.^® The com- 
pound is crystalline, and with water yields trichloro-ctliyl alcohol. 

Zinc isopropyl iodide, (CPl3)2CH.ZnI. — Zinc and isopropyl iodide 
arc heated together and tlie product extracted with ether. 'V^’ith 
isoamyl nitrite it }’iclds K.N-di-isopropyl hydroxjd amine, and with 
iiitroet liane, X -isoj^ropyl-N - ( a. /3- dimethyl propyl )-h)'^droxylainine is 

obtained. 

Zinc diphenyl, ZnPh2.i- is obtained by boiling mcreiiry diphenyl and 
zinc for two minutes in an atmosphere of hydrogen. On cooling, 
rosettes of crystals of zinc diphenyl separated, M.pt. 105° C. The com- 
])ound is dried in a \ acumn apparatus at 80° C. in hydrogen atmosphere ; 
it then melts (in hydrogen) sharply at 105*' to 106° C. Zinc diphenyl is 
.susceptible to air and light, and in p>resence of water yields zinc h)^droxide 
and benzene. In dry air it decomposes into zinc oxide and diphenyl. 
It inflames with fuming nitric acid. In hydrogen, zinc diphenyl boils 
under ordinarj' pi'essnre at 280° to 285° C. with slight decomposition. ■ 
It is easily soluble in benzene, ethei-, and light petroleum, also in chloro- 
form with evolution of heat. When the reaction product from the 
chloroform solution is decompo.sed 'ivith dilute nitric acid there is much 
ohlor-ion in solution, and triphenyl methane may be isolated from the 
chloroform solution. From an iodine solution of zinc diphenyl, phenyl 
zinc iodide is obtained. Zinc diphenyl heated with fifteen atomic 
proportions of mercury for ten minutes gives only trac^ of mercury 
diphenyl. 

^ Letts and Cullit-, Jahresber., lS8(j, p. 1601. 

- tjsimonewitscli, E>m. Phyfi. Chem.. Soc., 1899. 31, 41 ; Chem, Zentr., 1899, I. 1066. 

= G\\\y%do\v, J. Russ. Phye. OJieni. Hoc., 1903, 35, 340 ; Chem.. Zentr., 1903, ii. 339. 

* Bewad, BfA\, 1907, 40, 3072 ; J. Ru-is. Pkys. Chem. 80 c., 1907, 39, 958 ; Chem. Zenir., 
KiOS, i. llo. 

^ Blaise audHomian, -ln». Chim. Phys., 1911, [SJ, 23, 522. 

“ Michael, Per., 1906, 39, 2144. 

■ Michael, Amer. Chem. J., 1901, 25, 423. 

^ Michael, ibid., 424. 

“ Zelinsky, Ber., 1902, 35, 2694. 

GarzarolU'Thurnlackh, Annalen, 1881. 210, 64 ; Delacre, Bull. Soc. chim., 1887, 121, 
48. 785. 

Bewad, .Ssr., 1907, 40, 3066; J. Russ. Phys. Chem. Soc., 1907, 39, 950; Chem 
Zentr., 1908, i. llo. 

Hilpert and Gruttner, Ber., 1913, 46, 1675. 
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The physical constants for some mixed zinc alkyls ^ arc given in the 
Appendix, Table I- 



CadmiumA 



Lohr 2 from metallic cadmium and methyl iodide obtained a small 
quantity of cadmium methyl, but he was unable to purify it. 'Wanklyn 
also obtained a small amount of liquid, undoubtedly cadmium diethyl, 
by the interaction of ethereal ethyl iodide and metallic cadmium. 
These compounds have since been obtained in good yields from cadmium 
halides and alkyl magnesium halides. Since the compounds are oxidised 
in air and affected by moisture, the Grignard solutions cannot be decom* 
posed by water, but are distilled directly, and the product purihed by- 
fractionation under reduced pressure. The boiling-points are high com- 
pared with those of the mercury dialkyls. This is not due to as.socia- 
tion, since the molecular weights determined by the freezing-point 
method indicate single molecules, and the vapour density of the 
methyl compound is normal. The pure cadmium dialkyls arc colourless, 
strongly refracting liquids, for the most part crystalline on strong 
cooling. They possess an unpleasant musty odour, and have a 
metallic taste. The low molecular compounds, especially the methyl 
derivative, are extremely volatile at ordinary temperatures, their 
vapours irritating the mucous membi*ane of the nose. They volatilise 
along with ether vapour, especially cadmium dimethyl, so that the 
complete separation, in spite of the wide difference of boiling-point, 
only succeeds with appreciable loss, even when a fractionating column 
is used. This bears a resemblance to zinc dimethyl which gradually 
decomposes on distillation.® In a nitrogen atmosphere in the dark, 
cadmium dialkyls may be kept for a month without decomposition. 
In the presence of traces of air or moisture they become coloured, par- 
ticularly rapidly in the light, when they change to steely -blue, and 
a black deposition of metal occurs. The metliyl compound gives 
a w'hite precipitate, ^^'hen poured upon a watch-glass they oxidise 
rapidly without inflaming, giving off brown fumes. They carbonise 
filter paper, which ultimately glows. They inflame under suitable con- 
ditions, and do so with hissing when drained from a pipette. Cadmium 
dimethyl differs from all other cadmium dialkyls in its oxidisability. It 
fumes less in air and becomes coated only with a white crust of methylate. 
In water the compounds sink, and when shaken slowly decompose with 
a crackling noise, continuing thus for hours. With most organic 
soh'ents they are miscible, the solutions in air becoming covered with a 
white film. Pure cadmium dialkyls can be heated in an indifferent gas- 
stream to 150® C. without decomposition. At slightly higher temper- 
atures they begin to decompose with evolution of gas and deposition 
of black metallic cadmium, and at 180° C. they explode. 

Cadmium dimethyl, CdMe 2 . — Twenty-nine grams (1*2 mols.) of 
magnesium and the requisite amount of methyl bromide are dissolved in 
350 c.c. of ether, and 136 grams {0-5 mol.) of finely powdered, anhydrous 
cadmium bromide introduced in small quantities, with good shaking and 

^ Krause and Fvomm, £er., 1926, 59. [B]> 931. 

“ l^ause, Ber., 1917, 50, 1813. 

^ L6hr, Annalen, 1853, 87, 55. 

* Wanklyn, Quart. J. Che»n. Soc., 1856, 9, 193 ; Jahresber., 1856, p. 554 

® Frankland, Annalen, 1859, in, 62. 
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without eoolin^r. the reaction is complete, the majority of the 

ether is distilled off in a stream of nitrogen, nsing a fractionating column, 
and a temperature not above 80° C. The residue is distilled from an oil 
bath, in nitrogen, at a pressure of 13 mm., the ether and cadmium 
methyl being collected in a recei\‘er cooled in liquid air or carbon dioxide- 
ether mixture. After one hour the temperature is raised to 120° C. 
The produet is fraetioiiatcd to remove the ether, then distilled in nitrogen 
at ordinary pressure. At 105-6° C. 60 grams of pure eadmium methyl 
are obtained. Yield 85 per eent. Mlien poured into water it sinks, 
evolving methane and giving a preeijntate of cadmium hydroxide. 
When cooled it solidifies, melting at —4-5° C., the crystals taking the 
form of star-shaped rods when the product is distilled under reduced 
pressure into a reeeiver eooled in liquid air. 

The following cadmium alkyls may be prepared in a similar manner, 
the yields being shown in each case : — 

Cadmium diethyl, 90 per cent. ; cadmium di-n-propyl, 85 per 
cent. ; cadmium di-n-butyl, 70 per cent.; cadmium di-isobutyl, 
75 per cent. ; cadmium di-isoamyl, 55 per cent. 

The phj'sical constants of these compounds are shown in the 
Appendix, Tables II. and III. 

Cadmium diphenyl, CdPh,,^ may be obtained by heating metallic 
cadmium and mercury diphenyl in an atmosphere of hydrogen. It is 
stable in the dry state, but becomes discoloured when kept in a vacuum 
desiccator for an hour. IVhen air is ])assed through its benzene solution 
several colour changes take place, and a reddish-brown body is finally 
precipitated. With water the brown solution is decolorised and 
cadmium hydroxide precipitated. Cadmium diphenyl quickly de- 
colorises iodine solution, and the cadniium maybe replaced by mercury 
or zinc with formation of mercury and zinc diphenyl. 

^ Hilpert and GriittiitT, £er., 1913, 46 , 1(375. 






CHAPTER III. 



MERCURY, 

Alkyl Compounds op the Types RgHg and RHgX. 

The early workers oh the type R 2 Hg prepared their compounds by 
making use of dilute sodium amalgams. The alkyl iodides were shaken 
with an excess of sodium amalgam, containing 0-2 to 0*25 per cent, of 
sodium, in the presence of methyl or ethyl acetate, the latter acting as a 
catalyst. In this way the following derivatives were produced, methyl, 
ethyl, n*propyl, isobutyl, isoamyl, and n-octyl. The reaction takes 
place readily at ordinary temperatures and is very vigorous in the case 
of the lower members of the series. Since the discovery of the Griguiard 
reagent, the above method of preparation has been abandoned, and 
practically all the compounds have since been isolated by the inter* 
action of magnesium alkyl halides and mercury halides. Amongst other 
methods of preparation devised for the production of these compounds 
the following are of interest. Mercury dimethyl has been formed from 
methyl mercuric iodide (type RHgX) by distillation with potassium 
hydroxide or cyanide, calcium hydroxide, zinc methyl or granulated 
zinc, or by boiling its pyridine solution \vith metallic copper- Methyl 
mercuric acetate in the presence of pyridine when subjected to electro- 
lysis yields mercury dimethyl, also the action of aluminium carbide 
on a dilute hydrochloric acid solution of mercuric chloride. Mercury 
diethyl has been obtained from methyl or allyl mercuric iodides by 
treating them with zinc ethyl and also from a-naphthyl mercuric bromide 
and ethyl magnesium bromide. The latter reaction was carried out in 
an attempt to produce mercury ethyl a-naphthyl. Triethylbismuthine 
is decomposed by mercuric chloride, the mercury replacing the bismuth, 
forming mercury diethyl. The only case when mercuric oxide is used 
in the formation of the type R 2 Hg is its interaction with ethyl hj'drazine 
to produce mercury diethyl. Mercury di-sec~butyl has been formed bj’- 
the electrolysis of methyl ethyl ketone using a mercury cathode. 

All the compounds of the type R 2 Hg' are liquids; the methyl and 
ethyl derivatives are volatile at ordinary temperatures, and are said 
to be \^ery poisonous. Mercury dimethyl, diethyl, and di-n-propyl may 
be distilled under ordinary pressure without decomposition ; mercury 
di-isopropyl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been 
distilled under reduced pressure ; mercury di-tert-butyl and di-tert- 
amyl show considerable decomposition even when distilled at 5 mm. ; 
mercury di-isoamyl also undergoes decomposition when distilled in 
vacuo, but is volatile in steam, whilst mercury di -sec-octyl cannot be 
distilled at all, since it decomposes even at 3 mm. 

Mercury di-isobutyl and di-isoamyl react vdth halogens to form 
halides of the type RHgX, and mercury diethyl gives similar results 
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except that it inflames with chlorine. Iodine reacts ^^‘ith mercury" di* 
methyl, di-n*propyl. di-sec*bntyl, and di-n*oetyl to yield the correspond* 
incf iodides, RHgl. 

With acids, mercury dimethyl, diethyl, and di-n*propyl form salts 
of the type RHgX, but mercury di -isoamyl is decomposed by glacial 
acetic acid. 

By electrolysing methyl or ethyl mercuric halides in liquid ammonia 
solution the complexes, MeHg- and EtHg- are obtained as black deposits 
on the cathode, which show metallic reflexion and have a high electrical 
conductivity. 

The mercury may be replaced from mercury dimethyl by sodium, 
magnesium, zinc, or aluminium under suitable condition with formation 
of organometallic compounds of these metals ; with mercury dieth}’!, 
the reaction takes place with sodium, magnesium, cadmium, beryllium, 
zinc, aluraiiihmi, bismuth, and tellurium ; vith mercury di-n-propyl, 
the metals sodium, beryllium, zinc and aluminium react, and sodium 
also reacts with mei-cury di-n-octyl. 

Phosphorus trichloride, stannous chloride, and mercuric iodide give 
products of the type RHgX with mercury dimethyl, but cadmium 
iodide does not }ield the above type, and antimony trichloride yields an 
organometallic compound. Mercury diethjd reacts with the trichlorides 
of phosphorus, arsenic, and antimony to yield organo derivatives of these 
elements, and with mercuric chloride it gives ethyl mercuric chloride. 

Some of the methods by which the type RHgX may be prepared are 
outlined in the above discussion of the type R 2 Hg. In contrast to the 
compounds just discussed, all derivatives of the type RHgX are solids. 
It has been pointed out that a number of the halides may be obtained 
by the direct action of halogens. Others may be formed from the 
corresponding hydroxides by the action of acids, whilst tert-butyl, teri- 
am^’l, and sec-octyl mercuric bromides are prepared by treating the 
magnesium alkyl halides with an excess of mercuric bromide. Mag- 
nesium n-butyl bromide with an excess of mercniiric chloride gives equal 
parts of the chloride and bromide. The halides, especially the iodides, 
may be converted to the hydroxides by moist silver oxide, and in the 
case of the methyl and ethyl compounds they may be obtained direct 
from the R 2 Hg ty^De by the action of potassium permanganate. 

It was discovered as early as 1852 that mercury combines with 
methyl iodide in sunlight to form method mercuric iodide, and a similar 
reaction takes place with ethyl iodide, but owing to the tendency of 
ethyl mei-curic iodide to deoompose in direct sunlight, the operation must 
be conducted in diffused light. The n-propyl and isobutyl iodides also 
react with raercur)^ to give the corresponding iodides. The reaction, 
how'cven is much more rapid with the unsaturated alkyl and pro])argyl 
iodides, whilst with methylene iodide it only goes to completion after 
scA'eral days. Methyl mercuric iodide has also been formed by treating 
magnesium methyl iodide with an excess of mercuric chloride. 



Alkyi. Compounds of thf Type R,Hg. 

Mercury dimethyl, HgMe,, maj'' be prepared : 

1. By the distillation of a mixture of methyl mercuric iodide and 
solid potassium cj^anide.^ 

1 Buckton, Anmilen, 1858, io8, 103 ; Jahresber., 1858, p. 388. 



mercury. 
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2. The same compound is isolated when the potassium cyanide 
is replaced by potassium or calcium hydroxide. 

3. By the distillation of methyl mercuric iodide and yinc dimethyl. ^ 

4. By the distillation of methyl mercuric iodide and granulated 
zinc. 2 

5. A mixture of 10 parts of methyl iodide and 1 part of methyl 
acetate is shaken with an excess of 0-2 per cent, sodium amalgam, the 
whole being kept cool as the reaction is very violent during its initial 
stages.® 

6. Mercuric chloride is dissolved in a very dilute aqueous solution of 
hydrochloric acid and an equal weight of aluminium carbide added, 
mercury dimethyl soon separates.^ 

7. By action of the Grignard reagent on mercuric chloride.® In this 
reaction it is necessary to remove any unchanged magnesium from the 
Grignard solution before the addition of the mercuric chloride, otherwise 
some reduction to mercurous salt occurs, the yield being consequently 
lowered. Yield 61 per cent. 

8. The most satisfactory method so far described for the preparation 
of mercury dimethyl consists in subjecting an aqueous solution of 
methyl mercuric acetate containing pyridine to electrolysis.® This 
process gave a yield of 92 per cent. 

9. By treating methylmercuric iodide in pyridine solntion with 
metallic copper.’ 

The compound is a colourless liquid having a faint sweetish odour, 
is easily inflammable and a very deadly poison; B.pt. 93° to 96° C., 
density 3-069 ; 2-95412 at 22-2° C. It is readily soluble in alcohol or 
ether, insoluble in water. The followng values were found for the 
refractive index by Ghira;® n„ 1-52780; n^ 1-55588; Un 1-53206 at 
22-2° C. The following physical constants are due to Krause : ® B.pt. 
92° at 761 mm., density 3-0836 at 19-2° C., nH„ 1-54212, nn 1-54735, 
nn^ 1-56052, nn-, 1*57177 at 16-8° C. From these the following were 
calculated: MRna 23-528; MRd 23-717; 1-058; MA(S_„ 0-659; 

ARsa 12-148; ARb 12-282; AA,_.. 0-773; AA^_„ 0-472. The inolec* 
ular heat of combustion at constant volume is 430,800 calories,^® and 
work on the dielectric constant has been carried out by Matthews, 
and studies of the absorption spectra by Crymble.^® The complex 
MeHg- has been isolated by electrolysing methyl mercuric halides 
in liquid ammonia solution. It forms a fine black deposit on the 
cathode, and may be obtained in the form of flakes if the process be 
carried out in water or alcohol solution. The latter form appears to be 
more stable than the former, which decomposes into mercury and 

^ Buekton, Annalen, 1859, 109, 222 ; Jahresber., 1858, p. 390: J. prakt. Chem., 1859, 
[11, 76, 362. 

^ Buekton, Trans. Chem. Soc., 1863, 16, 21 ; Jahresber., 1863, p. 469. 

® Frankland andDuppa, Trans. Chem. Soc., 1863, 16, 416 ; Attnalen, 1864, 130, 104. 

^ Hilpert and Ditmar, Ber., 1913, 46, 3738. 

® Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153. 

Maynard and Howard, Trans. Ghoii. Soc., 1923, 123. 960. 

’ Hein, Wayler, and Better, Ber., 1925, 58, [B], 1506. 

® Ghira, Aiti. R. Accad. Lincei, 1894, [5], 3, i. 298 ,- Oazzetta, 1894, 24, i. 311. 

® Krause, Ber., 1926, 59, [B], 935. 

1® Berthelot, Compl. rend., 1899, 129, 918. 

Matthews, Chem. Zentr., 1906, i. 224. 

Crymble, Trans. Chem. Soc., 1914, 105, 608. 

Kraus, J. Amer. Chem. Soc., 1913, 35, 1732. 
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mercury dimethyl at room temperature. The deposits have a high 
conductivity and exhibit metallic reflexion. 

Mercury diracthjd undergoes reactions with various substances as 
inchcated in the following table : — 



REACTIONS OF MERCURY DIMETHYL. 



i 

Reacting 3 iil>. 
1 .stance. 


Conditions of 
Reaction. 


Resulting Products. 


ReFBR13NCES. 


Halogens, t.f/. 

1 

1 

1 

( 


Aksdiolic sohu 
thill. 


Methyl iiiereiiry iodide ; 
iiicthy] iodide. 


Pmekton, Annalen, 18.58. io 8 , 
103 ; Pl-aiiklaiul and Diip]>a, 
Trans. Ohem. Boc., 1803, i 6 , 
415 ; Annalen, 1864, 130 , 104 ; 
Hiljjert and Ditmar, Ber., 1913. 
46 , 3”38. 


, Cyanogen iodide. 

1 


Ether solution at 
.lO ^ 

■ Ether .solution at 
110 ' C. 


^tercllric cyanide. 

Meivuric iodide, iiietliyl iso. 
cyauhlc. 


Cahiiels. Com}it. rend., 1884, 99 , 
240. 


{ Concentrated 
Sulphuric <ir 
hydrochloric 
acids. 


1 

1 

1 

j 


^letliaiie, methyl mercuric 
.salts. 


BiU’kbin. ihid. 


j Chicial |icc(ic 
acid. 

1 


1 120-130^' C'. for 
1 1 hour. 

C. for 10 
holll’B. 


Methane, methyl mercuric 
acetate. 

.Metallic mercury, lirowii 
amorphous ])roduet. 


Otto, Anmilev, 1870, 154 , 198. 

Jones and M’erner, J. Amer. 
Chem. Boc., 1918, 40 , 1257. 


Xitrogen ppi- 

ciJiicie. 


Ether .solution 
lit -20“ C. 


Itiiklo diliydi'oxiniic acid. 

Dioxybiuret, methyl mer- 
curic nitrate. 


Bamberger, Ber., 1899, 32 , 3546 5 
Bamberger and Miiller, Ber., 
1899, 32 , 3.549. 


1 Phosphorus tri* 
1 chloride. 




Methyl mercuric chloride. 


Buelcton, he. cit. 


1 Antimony tri* 
1 chhiridc. 

1 

< 

1 




Methyl mercuric chloride, 
mercuiy, trlmethylstibine 
(lichloride. 


Buckton, Trans. Chem. Boc., 
1863, 16 , 22 ; Jahresber., 1863, 
p. 470 ; Landolt, Annalen, 
1851, 78 , 91. 


j Mercuric iodide. 

i 




Methyl mercuric iodide. 


Buckton, Annalen, 1858, 108 , 
105. 


1 

] radmium iodide. 
1 

1 

1 




iletliauc, mercury, mercuric 
iodide. 


Lohr, A?i7u/len, 1891, 261 , 48. 


Stannous chlor- 
ide. 


* * 


Crystalline product yielding 
methyl mercuric chloride 
and a tin compound with 
water. 


Buckton, loc. cit. 


Potassium 

mangaiiatc. 




Methyl mercuric hydrox- 
ide (?) (not Isolated). 


Seidel, J. prakt. Chem., 1884, [ 2 ] 
29 , 135. 


Thiodimethyl- 

anlline. 


Sealed tube at 
1-50-210° C. 


Metallic mercury, grey pro- 
duct not analysed. 


Holzmann, Ber,, 1888, 21 , 2071. 
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Reading fei<i1n 
staiicf. 


Conditions of 
Roadioii. 


Hestdtiiig Pr<, ducts. 


Rm-F.p.p,;sCES, 


,Sodrai)i. 


Alcoholic soltu 
lion. 

Inert solvents. 


lloiviiry, g.as evolved. 
Sodium methyl. 


Chapman, Trans. Cheui. 80 c., 
1866, 19, 150 ; Annalen, 1866, 

139. 128. 

-Schlenk, Ber., 1917, 50, 262. 


8odi 11111 and car- 
bon dioxide. 


Ktlier solution. 


Traces of sodiiiiii acetate. 


ftchorigin, Ber., 1908, 41. 2722. 


Cadiiiiiiiii. 




Methane, ladmiiuii amal- 
gam. 


Liihr, lor. riL 


Magiiesiiiin, 


.Sealed tube at 
130° C. for 36 
hours. 


Metallic mercury, magnesium 
dimethyl. 


Li'ilir, loc. cit. ; Fleck, Annalen, 
1893, 276, I3u. 


Zinc. 


Sealed tube at. 
I20°C. 


Metallic nierciiry. zinc di- 
methyl. 


Frankland and Duppa, Trans, 
Cikeni. Soc., 1364, 17, 28 ; 
Annalen. 1864, 130, 117. 


Aliiiiiinimn. 


Scaled tube at 
100° for .several 
1 lours. 


Aliiiiiiniiim triiiiethyl. 


Buckton and Odling, A 7 malen 
Suppl., 1865-1800, 109; Proc„ 
Boy.' Soc., 1865, 14, 19. 
Cahours, Annahn, 1800, 114, 243. 



Mercury diethyl, HgEt,, is obtained as follows : — 

1. By the distillation of ethyl mexcuric chloride with potassium 
cyanide . The yield is very small . ^ 

2. By the addition of mercuric or mercurous chloride to cooled zinc 
diethyl.^ 

3. By the distillation of ethyl mercuric iodide with zinc diethyl.^ 

4. From methyl mercuric iodide and zinc diethyl, the other products 
of reaction being zinc dimethyl and zinc iodide.^ 

5. From allyl mercuric iodide and zinc diethyl in cold ether, the reac- 
tion yielding, in addition, diallyl and mercury.^ 

6. By the interaction of 2 per cent, sodium amalgam and ethyl iodide, 
using ethyl acetate as a catalyst.^ The ethyl iodide may be replaced by 
ethyl bromide.® 

7. From ethyl mercuric chloride and alkaline stannous chloride 
solution.® 

8. From a*naphthyl mercuric bromide and ethyl magnesium 
bromide.’ 

9. Formed in small quantity when ethyl hydrazine is acted upon by 
mercuric oxide.® 



1 Buckton, Annalen, 1858, io8, 103 ; 1859, 109, 218 ; Jahresbtr., 1858, p. 389. 

2 Frankland, Annalen, 1859, iii, 57 ; Jahresber., 1859, p. 413. 

3 Linneniann, Annalen, 1866, 140, 180 ,• Krassowskl, Ber., 1870, 3, 625 ,• Oppenheim, 



Ber., 1871, 4, 671. 

* FVankland and Duppa, Trane, CJiem. 80 c., 1863, 16, 418, 424 } 



Annalen, 1864, 130, 



109, 117. 

® Chapman, Trans, Cfieni. Soc., 1866, 19, 150 ; Annalen, 1866, 139* 138. 
® Dimroth, Chem, Zentr,, 1901, i. 4oi ; Ber., 1902, 35, 2853. 

’ Hilpert and Griittner, Ber., 1915, 48, 908, 
s Fischer, Annalen, 1879, 199, 332 
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10. By the action of mercuric chloride on bismuth triethyl. ^ 

11. From ethyl magnesium bromide and mercuric chloride. Yield 
60 to 63 per cent.^ 

12. By treating ethyl mercuric chloride in pyridine solution with 
metallic copper. 

Mercury diethyl is a liquid of penetrating odour and appreciablj^ 
volatile at ordinary temperature. It Ijoils at 159° C., ha.s a density of 
2-42346 at 23-2° C. and is readily soluble in ether, less soluble in alcohol, 
and insoluble in water. The following physical constants have been 
determined: Refractive index, nna 1-53519; no 1-53990 ; nHj 1-56240 
at 23-2° C.^ Phj^sic-al constants by Krause B.pt. 57° C. at 16 mm., 
density 2-4660 at 20° C., iiHa 1-54285, Ud 1-54765, nH;j 1*55990, uh-, 
1-57048, MRna 33-018, MBd 33-262, MAy_„ 1-386, 0-857, 

ARsa 12-442, ARi) 12-591. AA._„ 0-873, AA^s-a 0-530. Molecular 
heat of combustion at constant %*olume, 733,600 calories.® In\’estiga- 
tioiis on the dielectric constant have been carried out by Walden,’ and 
the complex CoHsHg* was isolated by Krause in a similar manner to the 
c-orresponding methyl body. Whilst mercury dimethyl possesses much 
the same absorptive po^ver as mercuric chloride, the diethyl compound 
shows much greater absorption.® 

Reactions . — The action of various substances on mercury diethyl 
is shown in the following table .- — 



REACTIONS OF MERCURY DIETHYL. 



Reacting Sub- 
stance. 


Conditions of 
Reaction. 


Resulting Products. 


Refer -BNCES. 


Chlorine. 

Bromine or Io- 
dine. 


Aqueous solu- 
tion. 


Mercury diethyl inflames.. 

Ethyl mercuric iialides, 
ethyl halides. 


Buckton, Annalen. 1859, 112, 
221 ; Jakresber., 1859, p. 408. 
do. 


Hydrochloric or 
sulphuric acid. 


Heat. 


Ethyl mercuric salts, ethane. 


Buckton, loc. cit. ; Annalen^ 
1 868, 1 09, 220 ; J ahresber . , 
1858, p. 390 ; J. prakt. Chem., 
1860, I, 79 ; Schorlemmer, 
AnvaUn, 1864, 132, 234. 


Glacial acetic 
acid. 


Heat at 220° C. 

for 16 hours. 
Heat at 120° C. 
for 1 hour. 


Ethyl acetate, mercury, 
ethane, ethylene. 

Ethyl mercuric acetate. 


Jones and Werner, J. Amer. 

Chem. Soc., 1918, 40, 1257. 
Otto, AnnaUn, 1870, 154, 198. 


Bromacetic ester. 


Heat at 150° C. 
for 8 hours. 


Ethyl mercuric bromide, 
traces of ethyl acetate. 


Sell and Llppmann, J. prakt. 
Chem., 1866, (1), 99, 432. 



1 Dunhaupt, J. prakt. Chem., 1854, [1], 6i, 423 ; Anncden, 1854, 92, 379. ■ 

® Marrel and Gould, J. Amer. Chem. Soc., 1922, 44, 153. 

^ Hein, Wagler, and Better, Ber., 1925, 58, [B], 1506. 

‘ Ghii-a, Atti. R. Accad. lAncei, 1894, [5], 3, I. 298; Oazzetta, 1894, 24, 1. 311. 
s Krause, Ber., 1926, 59, [B], 935. 

® Berthelot, Compt, rend., 1899, 129, 918. 

’ Walden, Zeitsch. physikal. Chem., 1903, 46, 180. 

® Crymble, Trans. Chem. 80 c., 1914, 105, 658. 
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Reactions of Mercury Diethyl — contimiecl. 



Rr-acting Rub- 
stanec. 


Conditions of 
Rfsaction. 


Resulting Products. 


References. 


McTcurio olilor- 


Heat with rather 
less than cal- 
culated quan- 
tity of HgCl; 
or alcoholic 
solution. 


Etlij'’! iiicroiiric chlorule. 


Franbland, Anmden, 18o9, iii, 
00 ; Juhresber., 1859, p. 413 ; 
Prankland and Duppa, Tmn^. 
Ghem. <S*oc., 1803, i 6 , 41o ; 
Annalen, 1864, 130 , 104. 


Phosi>lir>riis tri- 
chloride. 


Heat. 


Ethyl diehlon iphosphinc, 
RtPCl^. 


Guichard, Re?-., 1899, 32 , 74 ; 
see Michael is, Ber., 1880, 13 . 
2174. 


Arsenic triclilor- 
idc. 


E.xcess of tri- 
chloride. 


Ethyl dichloroarsine. 


La Coste, Avnale.n, 1881, 208 , 33. 


Antimony tri- 
cliluridc*. 




Ethyl mercuric chloride, tri- 
ethylstibine. 


Buekhm, Tmns. Ohcm. Snc.. 1863. 
16 . 22; Jahre^bcr.. 1.8G3, i>. 
470. 


Potassium j)er- 
inangan.ate. 


Boil mixture in 
aqueous solu- 
tion. 


Ethyl mercuric hydro xido. 


Seidel, J. pntkt. Chem., 1884. ( 2 ). 
29 , 134. 




Heat. 


Mercury, combustible gas. 


Buckton, Joe. cJl. 


Iodoform. 


Heat to 90° C. 


Acetylene, ethylene, ethyl 
mercuric iodide, ethyl 
iodide. 


Suida, Moimtsh., 1880, i, 710. 


Allyl iodide. 


Heat at 120 - 
1.50° C. 


Diallyl, ethyl mercuric 
iodide, ethyl iodide. 


do. 


Phenyl iododi- 
chloride. 




lodobenzene, ethyl chloride, 
ethyl mercuric chloride. 


Willgerodt, Re?-., 1897, 30 , 57 ; 
1898, 31 , 921. 


Phenylarsenious 

sulphide. 


Heat. 


Phenyl diethyl arsine, mer- 
curic sulphide. 


MIchaelis and Schulte, Ber., 1882, 
15 , 1956. 


Ai’senobenzeiie. 


Heat to 150° C. 


Phenyl diethyl arsine, me- 
tallic mercury. 


Micliaolis and Schulte, loc. cit . ; 
Ber., 1881, 14 , 1952. 


Sodium. 


Heat to 100- 
170° C. 


Sodium ethj'l. Equal vol- 
umes of ethane aud ethy. 
lene. 


Scliorigin, Ber., 1910, 43 , 1931 ; 
cf. Buckton, Annalen, 1859, 
1 12 , 220 . 


Sodium and car- 
bon dioxide. 


Substances 

heated in ether 
solution and 
gas i>assed In. 


Propionic acid (sodium salt). 


Selioi’igin, Ber., 1908, 41 , 27’22. 


Sodium and ben- 
zoplienone. 

Sodium and 

methyl ester of 
benzoic acid. 

Sodium and 

bcnzaldehyde. 


Ether solution in 
hydrogen or 
nitrogen atmo- 
sphere. 

Do. 


Ethyldiphenylcarbinol. 

Diethylphcnylcarblnol. 

Ethylphenylcarbinol. 


do. 

do. 

do. 
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Reactions of Mercury Diethyl — eontinaed 



Rpaeliii" Kub- 
s't,inec. 


; Conditions of 
Reaetioii. 


Re.sidting Products, 


B.KTi’F.REXTK.S. 


Masnesiuni. 


» 

Heat at 130” 0. 
for .36 Lours. 


Magnesium dietliyl. me 10 
ciiry. 


T;6lir, Annahn, 1891, 261, 4 
Plcok, Annulen. 1.893, 276, H 


'RcrylliiiTn (gin* 
ciiiuiii). 


[ H(’at .at 13.1” C. 
ill scal'd iiiix*. 


Beryllium dietliyl. 


Cahours, Oo)nj)t. rend., 1873, 7 
1383 ; -Jahresber., 1873, ,120. 


Cadniiiini. 


Heat at IflO- 
■ 130° 0. 


Cadmiiiiii diethyl (not free 
from men iiiy). 


Prankland and Diippa, Trau 
Che7n. Soc., 1864, 17 , 2i 
Anmlen. 1804, 130. 117. 


Zinc. 


Heat at 100' 0. 
for 36 hours. 


Zinc diethyl, mercury. 


do. 


Qjpper. 


He.'it at loO” C. 
fur .1—6 hOuis. 


.Slight aiiialgaiii.atioii and a 
ghs evolve<l. 


do. 


Aliinnnimii. 


i. 

t 


Ahiminiimi trietliyl. 


Cahours, Avnalen. I860, ii, 
242 ; Buektoii and Odlinj 
A}tVitk)) ,9up2)L, 1866. 109-1 1‘. 
Proc. Roy. Sor., 1S6.1, 14, 19. 


Iron (reduced 

from !?e.squi^ 
oxide by lijv 
drogun). 




Metallic mercury, no trace of 
organic compound. 


Prankland and Dnpp,a, he. clf. 


j Bi5?muth. 

i 


Heat at 120 - 
140" C. 


Bismuth tricthyl. 


do. 


.Silver, g<»ld, zir. ; 
eonium. 


Heat at 150° C. 


No organic compounds. 


do. 


Telluriiini, 


• • 


Telliiriuin dietliyl, 


Zeiser, Bcr., 1895, 28, 1670. 



Mercury di-'H -propyl, Hg(CgH 7 ) 2 , may be obtained : 

1. Two hundred grams of n-propyl iodide are treated with 0-2 per 
cent, sodium amalgam, in presence of 30 grams of methyl acetate. 
The resulting paste when treated with dilute potassium hydroxide, then 
steam distilled, yields an oil which is imjmre mercury dipropyl.^ 

2. By the interaction of magnesium propyl bromide and mercuric 
chloride or bromide.- 24<-3 grams of mercuric bromide are added in 
small portions to the Grignard reagent from 23 grams of n-propyl 
bromide and 4-3 grams of magnesium in 100 c.c. of ether. All the 
mercuric bromide goes into solution and the reaction is accompanied by 
riolent boiling, the mixture after boiling on the water-bath for one hour 
being decomposed by water. Extraction with ether yields 4-5 grains 
of mercury propyl bromide and 6-0 grams of mercury dipropyl, B.pt. 
189° to 191° C. A small quantity of metallic mercury is also obtained- 

1 Cahours, Gompt. rend., 1873, 76, 135; Jahresber., 1873, p. 517; Schtscherbakow 
J. Russ. Phys. Chem. Soc., 1881, 13,353 ; Chem. Zentr., 1881, 620; Ooret, Bull. Roe 
Pharmacol, 1922, 29, 297; Chem. Zentr., 1922, (iii.), 1371. 

2 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153; Goddard, Tra 7 is. Chem. Soc 
1923, 123, 1168. 
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Mercury di-:i-propyl is a liquid having a faint odour which becomes 
very penetrating when heated, B.pt. 189° to 191° C., 75° to 77° C. at 25 min. 
It is insoluble in water, more readily in alcohol, and very soluble in ctha*. 
At 16° C. its density is 2-124<, and at 0° C. 2‘04*6.^ 

1. When the compound is distilled it undergoes partial dccom* 
position and mercury separates out."^ 

2. It reacts with iodine very vigorously, forming ]5ropyl iodide and 
propyl mercuric iodide, but with 2 mols. of iodine, propyl iodide and 
mercuric iodide, whilst bromine water yields brilliant lamhue of propyl 
mercuric bromide.® 

8. ViTien boiled vdth acids, propane is evolved and iuopyl mercuric 
salts formed.® 

4. With tin tripropyl iodide it yields tin tetrapropyl.® 

5. Zinc decomposes mercury dipropyl at 100° to 120° C. ‘vvitli the 
formation of zinc dipropyl ; aluminium at 130° C. yields aluminium 
tripropyl, and beryllium gives beryllium dipropyl. 

6. When treated with thaliic chloride, propyl mercuric chloride, 
thallous chloride, and thallium dipropyl chloride are obtained."^ 

Mercury di-isopropyl, B.pt. 119° to 121° C. at 125 mm . ; ® nn 
1-532. 

Mercury di-n-butyl, B.pt. 120° to 123° at 23 mm. Yield 47 per 
cent. 

Mercury di-isobutyl may be prepared as follows : — 

Fifty grams of isobutyl iodide and 10 grams of ethyl ac-etate are 
shaken with a considerable excess of 0-25 per cent, sodium amalgam. 
After completion of the reaction the whole is treated wth water and 
ether, the ether layer extracting the mercury dialkyl and di-isobutyl, the 
latter being removed by distillation in steam. Again take up in ether, 
and dry the ethereal solution over caldum and fractionally distil, when 
mercury di -isobutyl distils at 140° C. at 70 mm.® Mercury di -isobutyl 
is a liquid having a feeble odour when cold, but becoming penetrating 
when hot. It is volatile in steam and boils at 205° to 207° 0. ; density 
at 15° C., 1-835 ; at 16° C., 1‘719 i at 0° C., 1-747.^ When treated with 
halogens it yields isobntyl halides and isobutyl mercuric halides. By 
heating at 150° C. with metallic zinc for thirty-six hours, and fraction- 
ating the resulting product in hydrogen, zinc di-isobutyl is obtained, 
whilst aluminium at 120° to 125° C. reacts rapidly with the mercury 
compound to yield aluminium tri-isobutyl. 

Mercury di-sec-butyl is obtained as follows : — 

1. This compound is obtained in good yield when methyl ethyl 
ketone is electrolysed, using a mercur)'’ cathode. The best }delds are 
produced at temperatures between 45° and 50° C., using a currait of 
25 amperes per square decimetre and a voltage of 7-6 to 8-4. The 
cathode liquid consists of the ketone with about thirteen times its 
weight of 30 per cent, sulphuric acid, the anode liquid being 20 per cent. 

1 Cahours, Conipt. rend., 1873, 76, 749. 

^ Scb-tscherbakow, loc. cit. 

® Caliours, loc. cit. 

* Goddard, loc. cit. 

^ Marvel and Gould, loc. cit. ; see Tafel, Bar., 1906, 39, 3626. 

Marquardt, Ber., iS88, 21 , 2035 ; Caliours, Oompt. raid., 1873, 77, 1405 ; J. pmkt. 
Oheni., 1873, [3J, 8, 397 Chapman and Smith, Tram. Ghem. 80 c., 1869, 22, 163 ; Ponzio, 
Gazzetta, 1900, 30, (it), 24 ; Ssokolow, J. Russ. Phys. Chem. Soc., 1887, 19, 202. 

’ See Louise and Rous, Covipt. rend., 1888, 107, 601. 
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sulphuric acid. In two hours the amount of crude incrcmy dialkyl is 
1-3 times the weight of ketone used, and the product is then distilled in 
a high vac-uum to purify it. ^ 

2. The solution from 12 grams of magnesium, 75 grams of sec- 
butyl bromide in 500 c.c. ether, is treated with 45 grams of mercuric 
chloride, and the mixture then boiled for eight hours on the water-bath 
and decomposed in the usual way. Yield 66 per cent.^ 

Mercurv di-sec-butyl is a colourle^ oil, B.pt. 46° C. at 0-3 mm., 
01° to 93° C. at 15 mm., 93° to 96° C. at 18 mm. ; density 1-763 at 20° C. ; 
m> 1-511 at 20° C. It cannot be distilled under ordinary imessurcs 
without decomposition, and when its ether solution is treated with 
iodine, sec-butyl iodide and sec-butyl mercuric iodide are formed. 

Mercury di-tert-butyl is prepared in the manner deseribed 
above. A considerable amount of tert-butyl mercuric bromide is pro- 
duced during the reaction. The yield of the mercury di alkyl i.s only 
0 per cent., B.pt. 78° to 82° C. at 5 mm., and even at this low pressure 
a large amount of the substance is decomposed, even the llnal pro- 
duct containing some hydrocarlDon. Density 1-749 at 20° C. ; Ud 
1-521. 

Mercury di -isoamyl .—This compound may be prepared in the 
same way as mercury di-isobutyl by replacing tlie isobutyl iodide by 
isoamyl iodide. It is a colourless, transparent, mobile liquid, possess- 
ing a faint amj^l odour, and cannot be distilled even in vacuo without 
partial decomposition, although it is volatile in steam without decom- 
position. If heated above 140° C. considerable quantities of mercury 
separate. Its boiling-point at 70 mm. is 172° C., and the density at 0° C. 
is 1-6663.3 

iMercur}* di-isoainyl is insoluble in water, slightly in alcohol, but 
readily soluble in ether. It docs not oxidise in air, but when dropped 
into chlorine it forms isoaiii}! mcrtnric chloride. In contact with solid 
iodine it reacts with a hissing sound, and the reaction with bromine is 
still more \iolcnt. An ethereal solution of mercur)'’ di -isoamyl treated 
first with alcoholic and then with solid iodine gives isoamyl mercurie 
iodide and isoainyl iodide. Treatment w-ith an excess of mercuric 
chloride in alcohol yields isoamyl mercuric chloride. 

With sodium, sodium isoamyl is formed, but in ethereal solution in 
a stream of carbon dioxide, isobutyl acetic acid results.^ IMercury di- 
isoamyl heated with zinc in a sealed tube for thirty -six houi-s at 130° C. 
yields zinc di-isoamyl.^ The mercury compound and glacial acetic acid 
heated for sixteen hours at 200° C. give isopentane, metallic mercury, 
and amyl acetate.® Treatment with thallic chloride girres isoamyl 
mercuric chloride and thallous chloride.'^ 

Mercury di-tert-amyl. — To the solution from 12 granrs of 
magnesium and 80 grams of tert-amyl bromide in 500 c.c. of ether, 
40 grams of mercuric bromide are added and the product worked up in 
the usual way. Yield 9 grams (21 per cent.). The liquid boils at 80° 

1 Tafel, Bei\, 1906, 39, 3626. 

^ Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45, 820. 

3 Franbland and Duppa, Tram, Chem. Soc., 1863, 16, 415 ; Annalen, 1864, 130, 104 
Mai'uuardt, Ber., 1888, 21, 2035. 

* iSchorigm, Ber., 1908, 41, 2722 ; 1910, 43, 1937. 

^ Frankland and Duppa, Tram. Chem. Soc., 1864, 17, 29 ; Annalen, 1864, 130, 117. 

“ Jones and Werlicr, J. Amer. Chem. Soc., 1918, 40, 1257. 

’ Goddaid, Trans. Chem. Soc., 1923, 123, 1168. 
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to 84° C. at 5 mm., and even under these conditions shov’s considerable 
decomposition. Density 1-649 at 20° C. ; Hd 1-492 at 20° C.^ 

Mercury di-n*heptyl 2 is prepared in 90 per cent, yield by the 
Grignard reaction. It distils at 119° to 122° C. ; density 1-474 at 0° C. - 
nn 1-4935 at 21° C. 

Mercury di-n-octyl.^ — Octyl iodide is treated with dilute sodium 
amalgam in the presence of ethyl acetate, and after completion of the 
reaction the mass is extracted with ether. Evaporation of the solvent 
gives an oily liquid of density 1-342 at 17° C., which decomposes at 
about 200° C. into di*octyl and metallic mercury. When the starting 
materials are pure it is stated that no by-products occur. Mercury 
di-n-octyl is insoluble in water, but readily soluble in alcohol, ether, or 
benzene. Treatment with alcoholic iodine or mercuric chloride yields 
the corresponding di*n*octyl mercuric halides. 

Mercury di-sec*octyl,^ — To the solution from 8 grams of 
magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in 
500 c.c. of ether, 21 grams of mercuric chloride are added, and after 
boiling for six hours the product is worked up in the usual way. It is 
found to be impossible to distil the compound under 3 mm. pressure, 
owing to its ease of decomposition with the formation of mercury. 
The weight of crude product is about 48 grams (52 per cent.); density 
1-338 at 20° C. ; Ud 1-334 at 20° C. 

Alkyl Compounds of the Type RHgX, 

The following salts of the methyl series have been prepared : — 

Methyl mercuric hydroxide has recently been obtained in the free 
state, and its solution may be obtained by boiling mercury dimethyl with 
concentrated potassium permanganate and filtering off the manganese 
dioxide, the filtrate being strongly basic and yielding salts with acids.® 
A similar solution is also obtained when methyl mercuric iodide is 
treated with water and silver oxide.® If the silver oxide be replaced by 
potassium hydroxide, Frankland states that the oxide is obtained which 
is soluble in excess of the reagent. The solid hydroxide is formed when 
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol. 
It melts at 95° C., is a weak base, acid to phenolphthalein but alkaline to 
litmus,’ 

The chloride, M.pt. 170° C., forms pearly plates, density 4-063,® 
which are volatile in steam. It has been prepared in several ways ; 

1. By the action of concentrated hydrochloric acid or phosphorus 
trichloride on mercury dimethyl.® 

2. By the addition of hydrochloric acid to the solution of methyl 
mercuric hydroxide described above. 

3. From the compound of stannous chloride and mercury di- 
methyl by treatment with water.® 

^ Marvel and Calvery, J. Amer. Chem. 80 c., 1923, 45> 822. 

* Hager and Marvel, J, Amer. Chem. 80 c., 1926, 48, 2696. 

3 Eichler, Ber„ 1879, 12, 1879. 

* Marvel and Calvery, loc. cit. 

® Seidel, J. prakt. Chem., 1884, [21, 29, 134. 

® Frankland, Av/mlen, 1853, 85, 361. 

’ Sneed and Maynard, J. Ame^ Chem. 8 oc„ 1922, 44, 2942. 

® Schroeder, Ber., 1879, 12, 5©. 

® Buckton, Annalen, 1858, 108, 103 ,- Jahresber., 1858, p. 388. 
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4. 25 grams of mercuric chloride are dissolved m 10 per cent, 
hydrochloric acid and shaken with 15 grams of aluminium carbide, when 
heat is evolved and the methyl mercuric chloride is di.stilied out in 
steam.^ (Vield 30 per cent.) 

Cryinble ^ has shown that compounds of the base Mellg- arranged 
in order of increasing absorptive power are a.s follows ; l^IellgOH, 
—Cl, — Br, —I, the absorjrtion of the alkyl haloid always being less than 
that of the corresponding dihaloid compound.^ The conductivitj'' of the 
chloride in liquid ammonia has been investigated by Franklin,^ and 
the molecular weight determined in methyl or ethyl sulphide solution 
has been shown to be normal.^ 

The bromide was used by C‘r)unble in his investigations on absorption 
spectra, and the melting*'point was stated to be 160° C. It can be 
prepared in the same wa^r as the cliloride. 

The iodide was disco^‘ered in 1S52 by Frankland,*"' who showed that 
nictln'l iodide and metallic mercury when exposed to sunlight or diffused 
daylight combine to form mercury methyl iodide. Other methods of 
preparation are; 

1. Treatment of merenry dimcthjd with iodine or mercuric iodide.'^ 

2. By treating the chloride in aqueous solution whth potassium 
iodide.® 

3. From magnesium methyl iodide by treatment with an exce.ss of 
mercuric chloride. Yield 85 to 88 per cent.® 

4. Dimercurimethydene iodide is treated with aqueous potassium 
iodide or dilute hydrochloric acid.^o 

The compound crystallises in pearly plates, M.pt. 143° C., msnluble 
in water, fairly soluble in alcohol, easily ‘in methyd iodide and ether. It 
sublimes without decomposition and yields the oxide with alkalies or 
ammonium hydroxide, whilst ammonium sulphide precipitates the 
sulphide in faint yellowish flocks. Distillation with potassium cyanide, 
potassium hydroxide, or metallic potassium gives mercury dimethyl. 
Its molecular w'eight in methyl or ethyl sulphide is normal. 

The bicarbonate is formed by passing carbon dioxide through a 
ineth}4 alcoholic solution of the hydroxide. It is a granular powder, 
M.pt. 123° C. When dissolved in carbon disulphide it yields the 
mercaptan, silvery plates, M.pt. 143° C., MeHgSH.^® 

The nitrate forms colourless plates, M.pt. 100° C., and may be pre- 
pared from the iodide by treatment with silver nitrate. It is very 
soluble in water, less soluble in alcohol. 

The sulphate is a crystalline compound obtained by the action of 
concentrated sulphuric acid on mercury dimethyl. 

^ Hilf)ert and Ditmar, Ber., 1913, 46 , 3738. 

" Crymble, Trans, Chem. Soc., 1914, 105 , 608 . 

* Cf. Ley and BTscher, ZeiiscJi, anorg. Chan., 1913, 82 , 338. 

* itanklin, Zeitsek. physikal. Chem., 1909, 69 , 299. 

^ Werner, Zeiisch. anorg. Chem., 1897, 15 , 37. 

“ Erankland, AnnaUn, 1853, 85 , 363; Jahresber., 1852, p. 574. 

’ Buckton, Annalen, 1858, 108 , 103 ; Jahresber., 1858, p. 388. 

* Hilpert and Ditmar, loc. cit. 

® Marvel and Gould, J. Armr. Chem. Soc., 1922, 44 , 153. 

Sakucal, Tra-ns. Chart. Soc., 1881, 39 , 485. n jVanklaud, he. cit 

AVemer, loc. cit. 

Koten and Adams, J. Amer. Chem. Soc., 1924, 46 , 2708. 

“ Streckel’, Annalen, 1854, 92 , 79. 

Buektoii, he. cit 
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ylcetate. —Thia compound was lirst obtained by heating iiieTcun- 
dimethyl and glacial acetic acid in a sealed tube for one hour, then 
recrj^stallising the product from glacial acetic aeid.^ The melting* 
point given was 142° to 143° C,, but recently Sneed and Maynard ^ have 
shown this to be inaccurate, and obtained the product by the following 
methods, each giving a substance M.pt. 128° C. ; (1) Treatment of 
mercury dimethyl in methyl aleohol solution with mereurie acetate. 
(2) Neutralisation of the hydroxide with glacial acetic acid. (3) 
Action of silver acetate on the iodide. (4) Action of ethyl acetate on 
the h3rdroxide. The acetate is very soluble in water, alcohol, or acetic 
acid, is volatile in steam, and with concentrated hydrochloric acid or 
iodine yields the corresponding halides. 

Sulphide . — This substance may be obtained from the iodide as stated 
above or by the action of hydrogen sulphide on a solution of the chloride, 
It is a white body of characteristic smell, and when warmed it decom- 
poses, forming mercury dimethjd and splitting off mercuric sulphide. 

Ethyl Series. — Hydroxide . — A solution of this compound maj’’ be 
prepared by boiling mercury diethyl with potassium permanganate 
solution, see methyl mercuric hydroxide.^ Diinhaupt ® obtained the 
hj'-di-oxidc as a colourless oil by boiling ethyl mercuric chloride in spirit 
with silver oxide, filtering off the silver chloride, then distilling off the 
spirit and drying the product in vacuo over sulphuric acid. It is easily 
soluble in water or spirit and has all the properties of a strong base. 
With ammonium chloride it liberates ammonia and forms the chloride 
of the base, and with solutions of salts of copper, aluminium, iron, tin, 
gold, or platinum it precipitates hydroxides. With metallic zinc it forms 
zinc amalgam and zinc diethyl, whilst hydrogen sulphide gives a white 
precipitate which soon turns yellow and finally black. When treated 
with acids the hj^'droxide jdelds salts in the usual waj^^ ; with alkaline 
stannous chloride solution it is reduced to mercury diethyl and mercury.® 
The chloride may be obtained: (1) From the hydroxide by hydro- 
chloric acid or ammonium chloride. (2) By mixing a warm alcoholic- 
solution containing one molecular proportion of mercuric chloride with 
mercury diethyl.’ (3) By the action of concentrated hydrochloric 
acid or antimony trichloride on mercury diethyl.® (4) From mercury 
diethyl and phenyl iododi chloride.® 

The chloride crystallises in silver glistening plates, M.pt. 190° to 
193° C., density 3-482, which sublime on gentle warming and are easily 
soluble in boiling alcohol, with difficulty in ether, and insoluble in water. 

Bromide . — This compound has similar properties to the above 
cliloride, and may be prepared from the hydroxide by the addition of 
hydrobromic acid, by treating an alcoholic solution of mercuric bromide 
wnth triethyl bismuthine or by heating mercury diethyl and ethyl 

^ Otto, Annakn, 1870, 154, 198. 

2 Sneed and Maynard, J. Amer. Chem. Soc., 1922, 44, 2942. 

^ Hllpert and Ditmar, Ber., 1913, 46, 3738. 

* Seidel, J. praht. Chem., 1884, [2], 29, 134. 

® Diinliaupt, J. prakt. Chem., 1854, [1], 61, 399 ; Annalen, 1854, 92, 379. 

« Dlmroth, Chem. Zenk., 1901, L 451 ; Ber., 1902, 35, 2853. 

" Erankland, Annalen, 1859, iii, 60 ; Jahresber., 1859, p. 413. 

® Buckton, Annalen, 1859, 109, 220; Jahresber., 1858, p. 390 ; Trans. Chem. Soc., 
1863, 16, 22 ; Jahresber,, 1863, p. 470. 

« WlUgerodt, Ber., 1898, 31, 921. 

I)iinbaupt, J. prakt. Chem., 1854, [11, 61, 399 ; Annalen, 1854, 92, 379 ; Schroder, 
Ber., 1879, 12, 563. 
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monobroiiioacetate at 150° C. for eight hours. The reaction in the latter 
case takes place according to the equation : 

CH2Br.COOC2Hs + (C2H,)2Hg=C2H5HgBr+CH3COOC2H5+CH4' 

The iDromidc crystallises in pearly plates, M.pt. 193-5° C.^ 

Combination takes place between ethyl iodide and metallic 
inercur}'- when exposed to diffused daylight, with formation of ethyl 
mercuric iodide.^ This may also be obtained by the addition of an 
alcoholic solution of iodine to ethjd mercuric hydroxide,^ or from 
mercury diethyl by l)oiling for one or two days \vith allyl iodide. 
Another preparation from mercury diethyl is to heat for several days 
at 120° C. n'ith iodoform, when the iodide, ethyl iodide, ethylene, and 
acetylene are formed.® 

The iodide, M.pt. 182° C., crj’stallises from ether-alcohol solution in 
colourless plates Avhich have a ^■ery pungent odour. It sublimes with- 
out decomposition at 100° C., is soluble with difficulty in water, and 
is decomposed b\^ light. 

Sulphide. — When ammonium .sulphide is added to an alcoholic 
solution of ethyl mercuric chloride, a ^^ellow precipitate is thrown down 
wiiich is soluble in excess of the reagent. It may be recrystallised from 
ether, but evaporation of the alcoholic solution soon leads to decom- 
position of the compound. 

Mercaptan, Et.HgSH. — By dissolving the bicarbonate in carbon 
disulphide, silvery plates, M.pt. 104° C.,® of the mercaptan are obtained. 

The sulphate crystallises in glistening plates, when silver sulphate 
is added to eth}d mercuric chloride in alcohol. It is also formed when 
concentrated sulphuric acid reacts with mercury diethyl.’ 

The nitrate was only obtained by Diinhaupt as an oil, but Streckcr 
succeeded in isolating it in prisms which were very soluble in alcohol, 
but less soluble in water. 

The acetate, M.pt. 178° C., has similar properties to the correspond- 
ing methyl compound and may be prepared in similar manner.® 

The 2.4.64ri7iitrobenzoate is formed by treating the substituted 
benzoic acid in alcohol with a similar solution of ethyl mercuric hydroxide. 
It forms white jdates, M.pt. 164° C. When heated at 165° C. it yields 
ethylmercuric 2.4.6-trinitrophenyl, yellow needles, M.pt. 86° C.^ Diin- 
haupt, by treatment of ethyl mercuric chloride wth silver phosphate, 
isolated the phosphate as a ciy’-stalliiie mass very soluble in water, also 
he mentions a cyanide which is crystalline, very volatile, and of repulsive 
odour. 

The thiocyanate is fornred from the chloride by the action of sodium 
thiocyanate (1 mol.) in acetone solution. It crystallises from benzene 
in glistening plates, M.pt. 131° to 131-5° C.^° 

1 Diinliaupt, J. prakt. Chem., 1834, [1], 6i, 399,- Anmlen, 1854, 92, 379; SeU and 
Lippmami, J. 2 >rakt. Chem., 1866, [1], 99, 431; Biicktoa, AnnaUn, 1859, 112, 221. 

- Marvel, Gauerke, and Hill, J. Aimr. Chem. Soc., 1925, 47, 3009. 

Prankland, Annahn, 1859, iii,59; Strceker, Annalen, 1854, 92, 76. 

‘ Diinhaupt, loc. cit. 

® Suida, Monatsh., 1880, i. 715 ,- Jahresber., 1881, p. 940. 

® Koten and Adams, J. Amer. Chem. Soc., 1924, 46, 2768. 

’ Buckton, Annalen, 1858, 109, 220 ; 1859, 112, 221 ; Jahresber., 1858, p. 390 ; 1859, 
p. 408; J. prakt. Chem., I860, I, 79; Schorlemmer, AwJiczZen, 1864, 132, 234. 

^ Otto, Annalen, 1870, 154, 198. 

® Koten and Adams, loc. cit. 



Steinkopf, Annalen, 1921, 424, 59. 
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n-Propyl Series.^ — n^Fropyl mercuric hydroxide U diliiculttoo])tain 
in a crystalline condition ; it is a strong base, forming salts with strong 
and weak acids. 

The chloride may be formed from the base, by boiling mercurj’ 
dipropyl with hydrochloric acid or by the addition of mercuric chloride 
to mercury dii>ropyl in alcoholic solution. It crystallises in white 
scales, M.pt. 143° C. 

'V'^dien bromine or bromine water is added to mercury dipropyl, or 
the base is treated with hydrobromic acid, propyl mercuric bromide is 
obtained in leaflets, M.pt. 138° C. The compound is also formed as a 
by-product in the preparation of mercury dipropyl from propyl 
magnesium bromide and mercuric bromide.^ 

Iodine combines vigorously with mercury dipropyl to form the 
iodide^ M.pt. 113° C.^; this crystallises from alcohol in plates which have 
a disagreeable odour. 

The acetate from mercury dipropyl and acetic anhydride, or acetic 
acid and the corresponding hydroxide, is crystalline, M.pt. 57° to 58° C. 

Isopropyl Series.^ — iso-propyl mercunc hydroxide is formed by 
treating the halides with moist silver oxide, and has only been obtained 
in solution. It reacts with acids, giving rise to the following compounds : 
chloride, needles, M.pt. Q7° C. ; (nvmide, needles, M.pt. 98° C.; iodide, 
plates, M.pt. 125° C. ; acetate, M.pt. 95° C. ; cyanide, M.pt. 85° C. ; 
sulphide, M.pt, 60° C. 

n-Butyl Series. — When n-butyl magnesium bromide is treated with 
an excess of mercuric chloride, a mixture of equal parts of n-hutyl mercmic 
chloride and bromide are formed.^ The chloride melts at 127’5° C. ; the 
bromide at 129° C. ; the iodide at 117° C.® 

iso-Butyl Series. — Solutions of isobutyl mercuric hydroxide may be 
obtained in the usual way, and salts prepared by the addition of acids. 
Mercury di-isobutyl reacts vith iodine, giving a cry^stalline isobutyl 
mercuric iodide.^ The bromide melts at 55*5° C. and the iodide at 72° C.’ 
sec-Butyl Series. — When mercury di-sec-butyl is dissolved in 
alcohol and treated with aqueous hydrochloric acid the sec-butyl mei'curic 
chloride separates out as an oil. This may be solidified bj^ cooling in a 
freezing mixture. The crystals obtained melt at 30-5° C.® 

The bromide is prepared as above using hydrobromic- acid, and melts 
at 39° C. The iodide forms colourless, unstable crystals when the 
dialkyl is treated with iodine.^ 

tert-Butyl Series. — ted- Butyl mercuric bromide. — An excess of 
mercuric bromide is added to well -cooled Grignard reagent from tert- 
butyl bromide and after an hour the whole decomposed with water, the 
ether layer removed and dried over calcium chloride. Spontaneous 
evaporation of the ether gives a product, M.pt. 106° C. (decomp.). It is 
rapidly decomposed in bright sunlight.^® 

^ Cahours, CompL rend., 1873, 76 , 135, 749, 750; Jahresber., 1873, i>. 517; Goret, Bull. 
&*ci. Pharnmcol., 1922, 29 , 297 ; Chem. Zentr., 1922, lii. 1371. 

^ Goddard, Trane. Chein. Soc., 1923, 123 , 1168. 

® Goret, he. cit. 

^ Marvel and Gould, J. Amer. Chem. Boc., 1922, 44 , 153. 

® Marvel, Gauerke, and Hill, loe. cit. 

® Cahours, Compt. rend., 1878, 76 , 1403. 

’ Marvel, Gauerke, and Hill, loe. cit. 

® Marvel and Calvery, J. Amer. Chem. 80 c., 1923, 45 , 821. 

* TaM, Ber., 1906, 39 , 3631. Marvel and Calvery, he. cit. 
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n-Amyl Series. — n-Amyl mercuric bromide, obtained in the usual 
way, melts at 122® C.^ 

iso-Amyl Series. — Isoamyl mercuric chloride ^ is formed when 
mercury di*isoamyl is treated with chlorine gas or alcoholic mercuric 
chloride- It melts at 86® C., sublimes without decomposition, and is 
very soluble in ether or hot alcohol, insoluble in water. From alcohol it 
crystallises in hair dike needles. The bromide melts at 80° C. When an 
ethereal solution of mercury di-isoamyl is treated first with alcoholic 
iodine, then with solid iodine, it yields isoamyl iodide and isoamyl 
mercuric iodide, The latter recrystallises from hot alcohol in small 
pearly plates, M.pt. 122° C., very soluble in ether, slightly soluble in 
boiling water, insoluble in cold water, and partially decomposed by 
alc-oholic potassium hydroxide. In the molten state it turns yellow at 
140° C., owing to the separation of mercuric iodide. It may be sub- 
limed without decomposition in a current of air.® 

tert-Amyi Series. — tert-Amyl mercuric bromide is prepared in the 
same manner as the tert-butyl compound. It crystallises from alcohol 
if the solution is kept below 50° C., l\I.pt. 82° C.^ 

Hexyl and Heptyl Series. — n-Iieceyl and n-heptyl mercuric bromides 
melt at 118 - 0 ° C. and 114-5° C. respectively.® 

n -Octyl Series-® — The hydroxide is formed when an alcoholic 
solution of the chloride is boiled for five hours with freshly precipitated 
silver oxide. It crj'-stallises in shining yellow plates, M.pt. 75° C., 
readily soluble in cold alcohol, less soluble in hot alcohol, insoluble in 
cold water. The compound is a strong base and precipitates metallic 
salts from solutions of ferric chloride, potassium alum, zinc sulphate, or 
copper acetate. In the latter ease the grey precipitate on warming is 
reduced to metallic copper, whereas with the alum, the precipitate is 
soluble in c-xcess of the precijhtant. The base also expels ammonia 
from its compounds. 

The chloride is obtained as a white precipitate by the interaction of 
mercury di-n-octyl and mercuric chloride ; the iodide by the use of iodine. 
The latter forms a w’hite glistening precipitate, easily soluble in alcohol. 
The bromide melts at 109° C.’ 

sec -Octyl Series.® — The bromide is obtained from excess of mer- 
curic bromide and the Grignard reagent from sec-octyl bromide. It 
forms crj^stals from alcohol solution, M.pt. 98° C.® 

' Allyl mercuric iodide, CH 2 =CH— CHa— Hgl.^° — Allyl iodide 
containing a trace of dissolved iodine, readily reacts with mercury. If 
mercur}^ be shaken uuth some iodine, then with alljd iodide, an evolu- 
tion of heat takes place and the mass becomes solid. This may be 
avoided to some extent by mixing the allyl iodide with alcohol. The 
iodide crystallises from alcohol in silvery scales, which turn yellow on 
drying- It commences to volatilise at 100° C. and melts at 135° C., 

1 Marvel, Gauerke, and Hill, 7. Amer. Ghem. Soc., 1925, 47, 3009. 

- Marvel and Cah-ery, J. Amer. Chem. Soc., 1923, 45, 821. 

® Frankland and Duppa, Trans. Chem. Soc., 1863, 16, 415 ; Anruxlen, 1864, 130, 104. 

^ Marvel and Calvery, loc. cit. 

® Marvel, Gauerke, and Hill, loc. cit, 

® Eichler, Ber., 1879, 12. 1879. 

’ -Marvel, Gauerke, and Hill, he, cit. 

® Eichler, he. cit. 

“ Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153. 

Zinin, Anualeii, 1855, 96, 363 ; Llnnemann, Annalen Suppl., 1865, 3, 262; Annalen, 
1866, 140, 180. O’ > , 
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decomposing at higher temperatures with evolution of gas and forma- 
tion of a yellowish-red residue. The iodide is sparingly soluble in cold 
alcohol and insoluble in w^ater. When subjected to dr^^ distillation, 
dialed, metallic mercury, and mercuric iodide are fonned. Hydiogen 
sulphide or iodide decompose it, propylene and mercuric salts being 
obtained. Iodine yields allyl iodide and mercuric iodide. Alcoholic 
suspensions of silver oxide convert the iodide to the hydroaride. 

Propargyl mercuric iodide forms a yellow mass ; it is prej^arcd 
in a similar way to the allyl compound.^ 

Mercury Derivatives of Methylene Iodide. — Wanklyn and Von 
Than ” showed that neither mercury nor zinc gave organic compounds 
wdien allowed to react with ethylene iodide. 

Methylene iodide, on the other hand, when left in contact with 
metallic mercury and some mercurous iodide in a sealed tube for four 
or five days, combines wnth the mercury.® Two products are produced, 
but no gas is evolved wdien the tube is opened. The first compound 
crystallises from boiling alcohol in slender, wdiite needles; it is best 
purified by solution in methylene iodide and precipitation with ether, 
and is insoluble in the usual solvents. Sakurai assigned the formula 
I— CH 2 — Hgl to the substance. This monomercuric methylene iodide 
or iodomethyl mercfiiric iodide when heated with iodine in potassium 
iodide solution yields methylene iodide and mercuric iodide, and similar 
decomposition takes place with chlorine or bromine. 

When one moleciile of the compound and one molecule of mercuric 
chloride in alcoholic solution are boiled under reflux for one hour and 
then cooled, crystals are obtained from which the mercuric chloride is re- 
rao^^ed by washing with water, and the mercuric iodide by digestion with 
concentrated potassium iodide solution. Traces of soluble iodide are 
then removed by treatment with water, and the dried crystals purified by 
reciystallisation from ether. Monomercuric methylene chloro- iodide, M.pt . 
129° C., is thus obtained in small plates, soluble in ether, chloroform, or 
alcohol, but insoluble in wmter. 

I -CH, -Hgl +HgCl2 =C1 -CH 2 -Hgl +HgICl ^ 

The product formed along with the monomercuric methylene iodide 
wms a white body insoluble in all the usual solvents, but yielding iodo- 
form \vith iodine. Analysis points to mercury iodoform or methine tri- 
mercuHc iodide, CH(HgI) 3 , and the same compound was obtained by 
Hofmann ® when an ethereal solution of iodoform was allow^ed to stand 
in contact with mercurous chloride for a long time, 

Dimercuricmethylene iodide or methylene di~mercuric iodide^ CHo(HgI) 2 . 
— This compound is readily formed by the interaction of methylene 
iodide with excess of mercury in the presence of mercuric iodide in 
ether solution, the mixture merely being exposed to sunlight, the re-’ 
action taking several days for completion. The crude product is then 
digested with concentrated potassium iodide solution to remove mer- 
curic iodide, and recrystallised from methylene iodide, the first product 

1 Henry, Ber., 1884, 17 , 1132. 

* Wanidyn and Von Than, Quart, J„ Chem, Soc,, 1859, 12 , 258. 

® Sakurai, Trans, Chem, Soc., 1880, 37 , 658- 

* Sakurai, {bid., 1882, 41 , 360. 

® Hofmann, Ber., 1900, 33 , 1328. 
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being pure dimercuric compound, but subsequent crops of crystals 
contain some mono deri\‘ative.^ 

The iodide is a yellow crystalline powder, M.pt. 230° C., \vith decom- 
position, and is much less soluble than the mono compound in methylene 
iodide, and is insoluble in oi*dinary solvents. When treated vvitli iodine 
it yields mercuric iodide and methylene iodide ; and with aqueous 
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is 
formed. 



J .Salnirai. Trans. Okem. Soc., 1881, 39 , 485. 






CHAPTER IV. 

MERCURY {continued). 

Derivatives of Aliphatic Alcohols, Aldehydes, and Ketones. 

The earliest recorded work on the inercuration of alcohols was that of 
Sobero and Selmi,^ and Gerhardt,- but none of these im^estigators 
obtained any definite results. Reynoso, five years later, ^ described com- 
pounds which he did not even analyse, and Cowper,^ from his work on 
the interaction of mercuric nitrate and alcohol, added nothing to our 
knowledge of these compounds. Tertiary alcohols were in\^estigated by 
Deniges,® who treated these compounds with mercuric nitrate or sulphate 
and obtained orange and yellow insoluble compounds respectively. He 
never seemed very certain of the constitutions of any of his derivatives, 
but recommended that his reactions might be used as tests for tertiary 
alcohols. 

In 1898, K, A. Hofmann commenced his researches on the mercura- 
tion of alcohol, wliich led to the complex* compounds to which he gave 
the name mercarbidcs being isolated. These compounds have all the 
hydrogen of a meth)d group replaced b)^ mercniy. From this time 
onwaMs it has been possible to assign formulgc to most of the compounds 
described. 

Derivatives of Ethyl Alcohol. 



Ethane hexamercarbide. 


C,Hg60,(0H)2,or 


0 

1 


-Hg 


Hg- 


0 

I 


1 

Hg— 


G— 

I 


-C — 
1 


1 

-Hg 


HO— 


1 

-Hg 


1 

Hg- 


-OH 



This compound is the ultimate product from the prolonged action of yellow 
mercuric oxide and boiling aqueous alkali on ethyl, propyl, allyl, or amyl 
alcohols, acetaldehyde, cellulose, starch, or cane sugar ; but it cannot be 
obtained from methyl alcohol, formaldehyde, or glycerol. The prepara- 
tion is best carried out as follows : 100 grams of yellow mercuric 
oxide, 20 grams of potassium hydroxide, and 200 grams of 94 per cent, 
ethyl alcohol are boiled for thirty-six hours, the gi*ey residue then 
washed with water and dilute alkali, and finally vith hot 20 per cent, 
nitric acid. The latter changes the base into the nitrate and removes 

^ Sobero and Selml, Annalen, 1851, 8o, 108. 

2 Gerhardt, Annalen, 1851, 8o, 111. 

3 Reynoso, Ann. Chim. Phys., 1856, [3], 48, 403. 

^ Cow]^)er, Trans, Chem. Soc., 1881, 39, 242. 

® Deniges, Compt, rend., 1898, 126, 1043; Bull. Soc. chim., 1898, [3], 19, 494, 751; 
Ami. Chim. Phys,, 1899, [71, 18, 382. 
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metallic mcrcui')" and trimercnri -acetic acid, whicli is formed as a by- 
product.^ Hofmann considered the reaction to take place in four 
stag‘es. according to the following scheme :"- 



1. CH,i.CIL.OH+IIgO — > CHo.CHO+HoO+Hg 

.Hg. .HgOH 

2. CH,j.CHO+3HgO — >0{ >C< -fHsO 

MTg/ ^CTIO 



3. 0^ 






Hg 






JlgOH 
CHO 



+TTgO 



HIg\ /HgOn 
-- 0/ >C< +Hg 

Hlg/ ^COOH 



o 



/Hg. /KgOH HOHg. /Hg\ 

/ i \nx 



Hg 



COOH HOOC 



"'Hg'' 



0 Hg Hg-0 

NO V I III 

Hg— C C Hg + 



HO— Hg Hg— OH 



COOH 

I 

COOH 



The oxalic acid shown in equation 4 was not actually isolated, 
however. 

Ethane hexamercarbidc is a citron yellow to light grey })owder, 
becoming dark orange at 200° C. and exploding with great violence at 
230° C. The a)lour diange seems to be associated whth the splitting 
off of water from the molecule and the formation of an an%dride 
(CoHggOj), which is violently explosive. The mercarbide is a decided 
base, which shows a remarkable stability towards oxidising agents 
(permanganate, chromic acid, hypochlorites, and hypobromites), and 
even towards aqua regia {3ro\’ided the treatment is not too prolonged. 
It is scarce!}* attacked by sulphur dioxide, hydroxylainine, or hydraane, 
but with acids it forms salts. 

Tliis resisting capacity distinguishes the compound from all known 
inerenry derivatives, and is probably due to the protective action of the 
six mercury atoms, showing that they surround the two carbon atoms. 
Two types of salts are obtained from the base, namely; (1) CgHgeO^X,, 
(2) C,Hg,X,. 

Class /. 



Ethane he.vamercarhide dichloride, C,Hgg02Cl2, is formed when the 
base is treated with cold 10 per cent, hydrochloric acid or a soluble 
chloride. Similarly, using potassium bromide or iodide, the correspond- 
ing bromide or iodide is obtained. 

Tihe perchlorate, C 2 Hgg 02 (C 104 ) 2 , is a white powder, which on heating 
or rubbing explodes*, emitting a green flame. The nitrate forms a 
yellowish -w*hite crystalline mass, insoluble in water and dilute nitric 
acid, decomposing with explosion on heating ; the sulphate is a wdhte, 
sand}*, fine crystalline powder, insoluble in water ; the picrate explodes 
on heating with the same violence as potassium picrate, 



Class //. 

Ethane he.r a mercarbide Jiexachloride, CgHggClg, results w^hen the base 
is treated with hot hydrochloric acid. It is a white, insoluble substance, 

1 Hofmann, Her., 1S98, 31 , 1904 ; 1900, 33 , 1328. 
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•^vhich remains undceomposcd ^vhen lieatcd with ten times its weight of a 
10 per cent. Ijciixene solntioii of snlphui* chloride. When aqueous 
potassium polysulphidc solution is used brilliant yellon- needles are 
deposited. These, when boiled with hydrochloric acid, yield a white 
powder, which becomes yellow on treatment with hot sodium hydroxide. 
Since chlorine atoms may l)e remo\'ed by means of silver nitrate, it is 
probable that the halogen is attached to the mercury, and the following 
formula has l:>ccu suggested : — ^ 

ClHg—CH— Hg. 

I >s 

ClHg— CH— Hg/ 

The hexa'iodide, (IITg) 3 C.Cl(HgI). 5 , is formed when the base {1 mol.) 
is heated with ethyl iodide (0 mols.) in ether solution for sixty hours at 
90'^ C. The intense, reddish*yellow crystals thus obtained al-e \’ery 
insoluble, and contain only 1-2 per cent, of carbon. This compound 
has the lowest carbon content of any substance yet obtained. 

Whilst most carbon mercury compounds are decomposed by 
potassium cyanide, splitting off mercury cyanide, mercarbide nitrate^ 
after prolonged boiling with potassium cyanide, splits off mercury, \vith 
the formation of an intense yellow' cyanide which is explosive when 
heated, namelv : 

CJ'Ig,{CN), or Hg=C - C =Hg 

NC-Kfg Hg-CN 

.The cyanide is insoluble and affected by light; treatment with 
hydrogen sulphide transforms it into a hydrosulphide : 

Hg =C - C =Hg 

I I 

HS-Hg Hg-SH 

which is a white substance, insoluble in water, alcohol, or ether. 

Hot hydrochloric acid transforms the cyanide first to a w^hite chloride 
{!.), which by the further action of concentrated acid changes to chloride 
(II.) : 

ClHg. /HgCl 

>CH -CH< ClHg -CH, -CHa-HgCl 

ClHg/ ^HgCl 

I. II, 

The compound II. crystallises well from ether, and can be steam 
distilled, when it separates in six-sided plates, smelling strongly of 
potassium cyanide, M.pt. 173° C. : these crystals are soluble in water, 
alcohol, or ether, and are volatile and poisonous. Towards phenyl 
hydrazine the compound is very stable, but with potassium iodide it 
gives the corresponding iodide, C,H 4 Hg 2 l 2 , which crystallises from 
alcohol or ether in quadratic plates, soluble in sodium hydroxide or 
ammonium hydroxide, stable towards dilute acid. The hydrochloric acid 
solution of the iodide \vith hydrogen sulphide yields a white sulphide, 
crystallisable from alcohol, but insoluble in cold 20 per cent, nitric acid. 

The above cyanide, whilst it yields a hydrosulphide ^vith hydrogen 
sulphide, is also capable of yielding sulphides with potassium poly- 

^ Hofmann and Feigel, Ber., 1905, 38 , 3654. 
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sulphide and a method alcoholic solution of ammonium poly- 

sulphide, the structures of these compounds being as follows : — 



(Hg=CH-CH2.Hg)2S and CIIj CH2 

Hg-S-Hg 



Two further sulphur compounds may be obtained from ethane 
hexamercarbide itself. (1 ) By shaking the base with a benzene solution 
of sulphur chloride yellow crystals are isolated, which probably have the 
composition ; 



ClHg. 

hC- 



ClHg- 



S-S 



HgCl 



HgCl 



The halogen is readily remo^'ed by silver nitrate. (2) A methyl alco- 
holic solution of ammonium polysulphide when left in contact with the 
base for several \veeks yields a yellow compound, to which the following 
structure has been assigned : — 

0 — Hg Hg— 0 

I I I I 

Hg-C C Hg 

HS— Hg Hg— SH 

Ethane hexamercarbide yields a yellow substance when treated with 
s'odium bisulphite, the product turning grey in the light ; but the base 
is easily regenerated by treatment first with hot nitric acid, then with 
sodium hydroxide. 

Although the base does not combine with ammonia, its salts readily 
add on this gas to form stable compounds. 

Hydrazine hydrate only slowly reduces the mercarbide, evolving 
ethane, as follows : — 

CoHge02{OH )2 +3N2H4 =C2He +6PIg +3N2 +4H,0 

Hydrogen sulphide splits off a small quantity of mercuric sulphide, 
and yields a white sulphide of the mercarbide. 

Potato starch and cane sugar also yield mercarbides,^ of composition 
C3HgO2Hg2.NO 3 and C3Hg0grig4.N03 respectively. 



Derivatives of Allyl Alcohol. ^ 



Allyl alcohol gives rise to two types of mercury compounds ; 

1. Propylene glj'col mercuric salts, which are considered to be 
derivatives of the unknown y-hydroxymercuripropylene glycol, 
HOCH^-CHOH-CHoHgOH. 

2. Mercuridiprop}dene oxide salts or dipropylene oxide dimercuric 
salts, which have the eonstitution : 



/O— CH2\ 

XHgCH2— CH< >CH— CH2HgX 

\CH2— 0/ 

1 Hofmann, Ber„ 1900, 33 , 1333. 

2 Sand and Hofmann, Ber., 1900, 33 , 1358 ; Hofmann and Sand, Ber., 1900, 33 , 2692 ; 
Biilmann, Her., 1900, 33 , 1641 ,- 1902, 35 , 2586 ; Sand, Ber., 1901, 34 , 1393, 2910 ,• Stoehr, 
J. praht. Chem., 1897, [ 2 ], 55 , 88 . 
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First Type, 

Propylene ghjcol mercuric bromide, CH 2 OH— CHOH— CH,— HgBr, 
fonns white crystals from bcnzcne*acctonc solution, which melt at 84° 
to 8C® C., and decompose at 110'" C. It is easily soluble in alcohol or 
acetone, somewhat soluble in water, but readily decomposed by hydro* 
chloric acid. The method of preparation is as follows : 100 grams of 
yellow mercuric oxide are dissolved in 20 per cent, nitric acid, and the 
solution treated with pure, dilute potassium hydroxide until on shaking 
the white precipitate of basic nitrate no longer disappears. Ally! 
alcohol is then added drop\vise, with continuous stirring, and a clear 
solution is obtained; then more potassium hydroxide is added, which 
causes a white precipitate, the latter being dissolved by the addition of 
more allyl alcohol. This process is repeated, the temperature being 
maintained at 10° C. by cooling; the completion of the reaction is 
indicated by a sudden darkening of the precipitate, and the solution then 
has an alkaline reaction. Potassium bromide is then added, allowing 
one molecular weight of this salt for every atomic weight of mercury 
present, and after standing for twenty-four hours the bromide is 
precipitated by passing carbon dioxide through the mixture. 

The corresponding iodide is prepared in a similar manner to the 
bromide. It may be crystallised from benzene or acetone and melts at 
about 80° C. It is more readily decomposed than the bromide, and 
hydrochloric or acetic acids break it down to allyl alcohol and merciuic 
salts. The presence of the two hydroxyl groups has been shown by the 
fact that the iodide yields a dibenzoyl derivative, M.pt. 100° C. When 
the iodide is treated with iodine at 40° C, a liquid iodohydrine is obtained. 

Second Type, 

Dipropylene oxide dimercuric sulphate may be prepared as follows : 
75 grams of mercuric oxide are dissolved in a mixture of 300 c.c. of 
water and 180 c.c. of dilute sulphuric acid (1 ; 1 ) and the solution filtered. 
Thirty c.c. of allyl alcohol are then stirred into the filtrate, and in two to 
four hours the sulphate separates out, is filtered, washed with cold 
water, and dried. Yield 60 grams. It gives a clear solution in water, 
sodium hydroxide, or ammonia, and is best purified by crystallisation 
from boiling water containing a little allyl alcohol, crystals containing 
4 mols. of water of crystallisation being deposited. The solution in 
ammonium hydroxide if treated with about three volumes of alcohol 
yields white plates, which are an addition compound of the sulphate 
with 2 mols. of ammonia. This body is completely soluble in water, but 
gives off ammonia when boiled. The addition product with potassium 
bromide yields the corresponding bromide and free ammonia. 

The corresponding nitrate crystallises with one molecule of water of 
crystallisation as a white crystalline com}X)uiid. The preparation is 
similar to the sulphate, the sulphuric acid being replaced by 40 per cart, 
nitric acid. The product is soluble in alkali or ammonium hydroxide, 
and ammonium sulphide gives a yellow precipitate when added to these 
solutions. The aqueous solution of the nitrate has an acid reaction, and 
from it potassium bromide precipitates the bromide quantitatively. 
When dissolved in 20 per cent, ammonium hydroxide the nitrate gives 
a white crystalline body containing one molecule of ammonia, which has 
similar properties to the corresponding sulphate. 

The acetate forms small stellate crystals when allyl alcohol is added to 
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a solution of mercuric oxide in dilute acetic acid. The solution in 
water gives precipitates with potassium chloride or bromide, but not 
with ammonia or alkalies. Solutions in the latter yield white pre- 
cipitates with ammonium sulphide. 

A cyanide^ ^s-ulphide, and a basic carbonate have also been obtained 
from the nitrate as thick white precipitates. 

The chloride is prepared by the action of dilute hydrochloric acid 
upon the iiitratc, or by using potassium chloride and carbon dioxide. 
When treated with moist silver oxide it yields an aqueous solution of 
the hydroxide, the latter also being formed when freshly precipitated 
mercuric oxide, allyl alcohol, and water are shaken tog'^ether. Reduction 
of the chloride by zinc and hydrochloric acid gives an odour of alhd 
alcohol, whilst oxidation with permanganate causes the immediate 
dccom])osition of the compound with the formation of oxalic acid. 

The bromide is prepared in the same way as the chloride, is insoluble 
in organic solvents, and melts at 251° C. It reacts \vith alkaline sodium 
stannitc solution, yielding a brick-red compound I., which turns brown on 
exposure to light. This decomposition product when extracted with 
hot beniione gives II., the corresponding mercuric compound to I. It 
melts at 190° C., is insoluble in water, alkalies, dilute acids, or acetone, 
readily soluble in benzene or toluene, and is decomposed by concentrated 
lu'drochloric acid. With mercuric chloride or picric acid it gives j^re- 
cipitates, but remains unchanged when boiled with potassium hydroxide, 
eyanide, or iodide. 



CH. 

/ 

ClI— CII.,— Hg— Hg— CH 

\ 

Q- — — 




I. 



CH,- 

X 

CH— CH 




O 

\ 

-Hg— CH,— CH 



-CH, 



II. 



The iodide is prepared from an alkaline solution of the nitrate by the 
addition of potassium iodide. It may be crystallised from boiling alkali. 
It has M.pt. 271° C., is jDractically insoluble in organic solvents, and 
remains unclianged when treated with 20 per cent, hydrochloric acid. 
\\‘it]i iodine in potassium iodide it reacts sdowly, but iocKiic in benzene at 
140^ C. gi^x•s di-epi-iodohydrine, to which Stoelir ^ assigns the structure : 

ICH 2 — CH— CHa— 0 



0— CH 2 — CH— CH,I 

Hofmann and Sand ® showed the difference between the two t}’pcs of 
compounds jnst discussed by the following comparisons : — 



Ki^ageiit. 


Pi’opylcnc glycol mercuric 
bromide. 


Dii>i‘opyk‘ne o.\Lide di- 
uaerciirio bromide. 


Alcohol, acetone. 
HCl. 

Alkaline Ivl. 

„ KCN. 

H,S. 


C 3 H, 02 — HgBr. 

M.pt. 84-86° C. 
Easily soluble. 
Rapidly decomposed. 
No precipitate, 
do. 
do. 


{C3H302-HgBr)2. 

M.pt. 251° C. 
Insoluble. 
Unattacked. 

White precipitate, 
do. 
do. 



^ Stoehr, J. praict. Ohem., 1897, [2], 55 , 88 . 2 Hofmann and Sand, Ber., 1900, 33 , 2700. 
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Similar properties are shown by the respective iodides, whose mcltiiar- 
poiiits arc about 80° C. and 271° C. ^ 

DKiiivATivEy OF Aldehydes. 

Very little satisfactory work has been done on the mereniy coin* 
pounds of the aliidmtie aldehydes. The chief reason for tliis is the I'aet 
that mcrcnirie acetate is soon redueed by aliphatic aldehydes, paralde- 
hyde, acetals or aldoses, inercnrous aeetatc separating ont.^ 

Leys - used a reagent consisting of one gram of mercuric oxide in 
100 c.c. of 5 per cent, sodium sulphite solution as a test for aldehydes 
containing the grouping — CHa-CHO. If a few drops of ac;etaideliyde be 
added to this solution in the cold and an equal volume of dilute sodium 
hydroxide, a heavy white precipitate is obtained, to which Leys assigned 
the formula ; 

Hg:CH.CH<^ \llg 

The author stated that the only substances which yielded pre- 
cipitates with the reagent were terpenes, and acetone or acetyl acetone 
on warming. 

Hofmann,^ by the interaction of acetaldehyde, mercuric oxide, and 
aqueous sodium hydroxide, only obtained aldehyde resin, but with par- 
aldehyde a small quantity of a base was produced, CallggO^Ha, which 
corresponds to ethane hcXamercarbide. 

Later, the same investigator, using another mercuric salt, succeeded 
in obtaining a more dehnitc compound.^ 

Chloratodimercuracetaldehyde, 

Hg=C-CHO 

I 

Hg-ClOa 

forms colourless, lustrous prisms, more explosive than mereniy fulmin- 
ate. The compound is readily produced by the addition of an alcoholic 
solution of acetaldehyde to a solution of inereurie oxide in aqueous 
chloric acid. ^Vhcn treated with potassium hydroxide or cyanide, 
aldehyde resin is produced, 

Anld and Hantzsch,^ from acetaldehyde and mercuric oxide in 
slightl)’’ alkaline solution, obtained a base, trimercuridialdehyde hydrox- 
ide, which readily polymerised to a white powder, (C4H805Hg3)j,. The 
latter decomposes without melting at about 100° C- and is insoluble in 
the usual organic solvents, decomposed by dilute hydrochloric add 
with formation of acetaldehyde and mercuric chloride, but not affected 
by dilute acetic acid. The investigators state that' tins is a delicate 
test for the presence of small quantities of acetaldehyde, since it detects 
the presence of one part of aldehyde in 6000 parts of water.® 

^ Lasserre, J. Pharm. Chirn,, 1903, [vi.J, 22, 246 ; Chem. Zaitr., 1905, ii. 1125, 

- Leys, J. Pharm.. Ohim., 1905, [vi.], 22, 107 ; BuU. Soc. chim., 1905, [3f 33, 1320. 

* Hofmann, Ber., 1898, 31, 1904. 

Hofmann, ibid., 1905, 38, 1999. 

^ ,Auld and Hailtzsoh, Ber., 1905, 38, 2684. 

For chloratoti’imercuracefcaldeliyde, perchloratomci'curacftaldehydo, and nitritodi- 
mercuracetaldehyde, see the action of acetylene on mercuric chlorate, perchlorate, and 
nitrate. 
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Derivatives of Ketones. 

It was stated that aliphatic aldehydes or aldoses reduced mercuric 
acetate, but no such reduction is noticed with ketones or ketoses.^ 
Xcuerthcless most in\*estipfators differ as to the products deiived from 
ketones, and it is ver\’ diihcult to say whether many of the compounds 
described arc truly oryaiiomctallic or merely complex addition products 
of the ketones. For the sake of readers interested in these derivatives, 
the followin}^ table is inserted to summarise these compounds ot doubtful 
structure. The ketone used in these investigations was acetone. 



PRODUCTS DERIVED FROM ACETONE AND 
MERCURIC SALTS. 



Rlerciiry .Salt Used. 


Produci. Isolated. 


RErrjiEjSCKs. 


.Ulkalinc mercuric 

acetate. 


Me,CO.2Hg0. 


Lasscixe, J. Pharm. Ohim., 
1903, [vi.], 22 , 246. 


1 Com,*. iiHTt'iiric siil- 
1 pliatc solution. 


3?>IeX‘O.5Hg(J.51h-S0,. 


Biilinaiiii, Per., 1902, 35 . 25S4. 


Mercuric sul])liate. 


McuC'0.<lHg0.2Hg*S0j. 


Deiiiges. A 7 m. Ohim. Phys., 1899. 
[7J, X8, 382 ; Btdl. 80 c. chhii., 
1898, [3], 19 . 494, 751. 


Mercuric oxide. 

sodium liydi'o.xidc. 




Hoiuianii. Ber., 1898, 31 , 1904 ; 
Kutsclierow. Ber., 1884, 17 * 20. 


Alercuric chl< irido in 
alkaline solution. 


2iMeX!0.3HgO. 


Reynolds, Chem. Xews, 1871, 
23 , 217 ; Ber., 1871, 4 , 483. 


.Mercuric sulphate. 


4Me„CO. 9HgO.6Hg.SO.. 
Me/‘0.3HgO.2Hg.SO,. 


Cippeiihciiiicr, Ber., 1899, 32 , 
986 ; Hofmann, 1898, 31 , 399. 


Mercuric chhu'kle. aim 
iiioiiiiiiu cliL u'ide, 
liy di'o kylammoniu 111 
elilorldc. 


2MeiiC0.5Hga,.2NH^01.2 

(NHjOH.HCl). 


Gvigounvitsch, C%cm, Zentr., 
1906, i. 743. 


Mercuric sulphate. 


F>Me„CO. 12HgO. 8HgS04. 


Deniges, An7i. Chim. Phys., 
1907, [ 8 L 12 , 401. 


Do. 


Using nioiiocliloroacetoiie, 
MeCOCHaa-SHgO. 

2 HgS 04 . 


Deniges, An)i. Chim. Phys., 
1899, [7], 18 , 382. 



The work now to be described relates to compounds from acetone, 
which are far more definite in constitution, although ver^'- complex. 

Intcraciion of Acetone and Mercuric Cyanide^ — ^To a solution of 11 
grams of mercuric cyanide in 120 c.c. of ethyl or 30 c.c. of methyl alcohol 
is added 1-5 grams of sodium in 40 c.c. of alcohol. After twenty*four 
hours any precipitate is filtered off and 1-25 grams of acetone added to 
the clear solution ; a dense white precipitate is formed, whidi is filtered 
off and washed free from cyanide. This product is decomposed by 
dilute hydrochloric add, ^fielding acetone and hydrogen cyanide : 

CsHoONoHgs +6HC1 +2HCN H-SHgCla 

* Lassevre, J. Pharm. Ghhn., 1005, [vl.], 22 , 246. 

* Maisli and Fleming Struthers, Trans. Chem. Soc., 1905, 87 , 1878 ,• Proc. Chem 80 c 

1905, 21 , 248. ■’ 
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A similar product is formed when acetone and mercuric c^'anide react in 
presence of sodium hydroxide, and the reaction may occur according to 
the equation : 

C3H60+3Hg(CN)2=C5H20N2Hg3+4HCN 

The constitution assigned to the compound is 

/CH.HgCN 



Hg< 



CO 



CH.HgCN 

Tetra"acetoxymercuri diacetone hydrate. — This substance is 
prepared as follows : ^ 25 grams of dry powdered mercuric acetate and 
50 grams of acetone (made from bisulphite compound) are heated under 
pressure at 100° C. for two hours. The solution after cooling and filter- 
ing does not produce a yellow coloration when treated with potassium 
hydroxide. Evaporation on the water-bath gives a yellow oil, which is 
taken up in 95 per cent, alcohol, and after a time white flocks appear. 
These are filtered off, washed \vith alcohol, and recrystallised from 
alcohol containing a few drops of acetic acid, the resulting product melt- 
ing at 157° C. The course of the reaction is probably as follows, the 
acetone reacting in the enolie form ; — 

CH, 



H,C-HgOCOCH. 



CH,.C-OH 



Hg(OAc), 



HX.C< 



X.CO.CHc 



^OH 












H2C-HgOCOCH3 



HC3-C=0 



2 mols. Hg(OAc)2 



HC 



H3C 



/HgOCOCH3 

HC< 

\HgOCOCH3 

-c/°“ 

\0H 



HX-C 




.HgOCOCH3 

\HgOCOCH3 

^0C0CH3 

\0H 



/HgOCOCH3 CH 30 C 0 Hg\ 
Hc/ >CH 

\HgOCOCH3 CH30C0Hg/ 



XH 



H0^ 



HX-C^ 



- 0 - 



C-CH, 



1 Sand and Genssler, Bei\, 1903, 36 , 3699. 
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This acetate, treated with 20 per cciit. hydrochloi'ie acid and 
potassium cyanide solution, splits up into acetone and mcrairy salt ; 
whilst potassium hydroxide gives the corresponding tetra-hydrocCy- 
mercuri compound. An aqueous solution of the acetate \vhen doeom* 
posed with 10 j^cr cent, potassium hydroxide yields a white precipitate 
of an oxide having the constitution : 




This- oxide is insoluble in water and organic soh'cnts. The acetate 
with sodium chloride or oxalates jnelds the corresponding salts, the 
former being a very insoluble compound possessing no meltiiig-poinl. 

Tri-mercuri diacetoiie hydroxide,^ 

HOHg— CH Hg— CH— HgOH 

CH3— c (OH )— 0— C (OH )-CH3 

The mercuric oxide precipitated from 20 grams of mercuric chloride 
is well washed, and whilst moist treated with a solution of about 6 c.c. 
of acetone in 100 to 150 c.c. of water, a few drops of baryta added, and 
the whole well shaken until a solution is obtained. The bar^da is 
precipitated by carbon dioxide, the latter- removed by a current of air, 
and the barium carbonate filtered off. Kr-aporation of the filtrate on 
the watcr>bath gives a thick syrup, w-liich forms a clear solution in water 
and reacts slightly alkaline. Its electrical conductivity is as follows : — 

^=0-018, u=256\^. 

^=0-022, u=512/^^ 

Dilute hydrochloric acid gir’cs the corresponding dkUoride, 

ClHg— CH Hg—CH— HgCl 

H3C— eXOH )— 0— (OH )— CH3 

as a colourless powder, easily soluble in aniline or pyridine, with difficulty 
hr alcohol, and practic-ally insoluble in water. Wherr heated it becoirres 
}-ellow and melts at about 110° C. 

It forms a platinichlmide, an amorphous irroduct exploding suddeirlv 
at 178° C. 

The corresponding dibromide fomrs small white needles, M.pt. 127° C., 
which are soluble in warin alcohol, ether, or pyridine. The di~iodide is so 
casil}- decomposed by acids that it cannot be prepared in the sairre way 
us the foregoing compouirds. The base is first treated with potassium 
iodide, then with dilute acetic acid, when a faint yellow precipitate is 
obtained. This consists of small needles, M.pt. ”l04° C., which arc 
insoluble hr water, rrrorc soluble in alcohol or ether. 

The base forms a which contains 6 mols. of water of 

crvstallisatioir, aird is somewhat soluble irr hot watery its conductivity, 
p, is 0-042, at a dilution, a, of 1100 at 25° C. 

^ Auld and Hantzsoh, B&r., 1905, 38 , 2G84, 
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When the base is exposed to sunliyhl or treated witli acids or alkali 
it is converted to an insoluble polymer. ^ The base or its polymer, when 
Ijoiled with alkali, is decomposed, yielding water, aeetone, and acetone 
mcrcarbidc, which is identical -with Hofmann’s compound. 



/Hg\ 

CH3—C0~C< >0 

I 



HgOH 



Concentrated hydrogen halides or oxyacids also decompose the base, 
immediately, gi^ing acetone and a mercuric salt. Bromine in pota.ssiuni 
l^romide vith the base yields mercmic bromide and rt.s--dibromoacetoi;)e ; 
whilst hydrogen sulphide precipitates mereuric sulphide from the base. 



Derivative of Methylethyl Ketone. 

From this ketone, by means of mercuric acetate, Lasserre- is stated 
to have obtained a compound of similar constitution to the one he 
isolated from acetone, 

(COMeKt)2.3HgO 



By using the same methods as for acetone Sand and Geussler ^ 
isolated a body resembling that from the lower ketone. \Vhen this com* 
pound is treated with alcoholic picric acid it yields a jherate, which 
c:r)'Stallises from benzene-acetic acid and has had the following oxonium 
constitution assigned to it ; — 



H3C— C< 






TdgO.CO.CH3 CH3C0.0Hg 

)Hg 
HO 



TigO.CO.CH3 

-OH 



CH3C0.0Hg 



-0 



-CH, 



^C— CH, 



-|“ -i C gli 3O7 ]Sl 2 



^\'ith the above exception, none of the higher ketones yield dfcn^‘atives 
of definite constitution. 



^ See Reynolds, OkevK Nem, 187!, 23 , 217 ; Bar., 1871, 4 , 483. 
^ Lasserre, J Fhann. Chim., 1905, [v*i.J, 22 , 246. 

^ Sand and Gfenssler, Ber., 1903, 36 , 3699. 
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MERCURY {continued). 

Derivatives of Aijphatic Acids— Derivatives of Formic 

Acid. 

The following componnck. although written as derivatives of formic acid, 
have never been obtained from the acid or its esters. The formula 
assigned to them below are those due to Schoeller, Schrantli, and Essers,^ 
although Manchot ^ considers them to be molecular addition compounds 
of the type CO.Hg(OR)X. 

Acetoxymercuriformic methyl ester, AcOHg.CO^Me.— The pre- 
paration and details for isolating this compound are the same as those 
given for the preparation of acetox}’mercuri-cthylmethyl ether, the ethy- 
lene in the latter experiment now being replaced by carbon monoxide. 
The }‘ield is 88 per cent. It crystallises in stellate aggregates of fine 
needles, M.pt. 110° C., easily soluble in alcohols or chloroform, sparingly 
in warm water, acetic acid, acetone, or benzene, and with difficulty in ether 
or petroleum ether. Carbon monoxide is split off when the salt is warmed 
or treated vith 5-Normal hydrochloric add, and the salt is decom- 
posed by gentle wanning with dilute sulphuric acid. Gently warmed 
with nitric acid it yields carbon dioxide: Aqueous or alcoholic ammonia 
splits out metallic mercury. When treated vdth dilute hydrochloric 
add the chloride is obtained, long needles, M.pt. 110° C. The bromide 
crystallises in wdhte plates, decomposing at 127° to 128° C., and the 
iodide has a similar appearance but is very easily decomposed. 

Acetoxymercuriformic ethyl ester is prepared by the action of 
carbon monoxide on an ethyl alcohol solution of mercuric chloride, but 
the absoiption takes tliree times as long as in methyl alcohol. The 
compound sinters at 65° C. and melts at 125° C. It is easily soluble in 
acetone, chloroform, or ethyl acetate, less so in warm water, ether, or 
benzene, sparingly in cold water, and insoluble in ligroin or petroleum 
ether. It crystallises in warty needles. The chloi'ide crystallises in 
plates, melting at SS° C. with decomposition ; the bromide and iodide are 
similar compounds. A sulphide has also been obtained as a j^ellowish- 
wliite precipitate. 



Derivatives of Acetic Acid. 

Bromomercuri -acetic acid, HgBr.CH 2 .CO 2 H.— A methyl alco- 
holic solution of ethanol mercnric bromide is treated with bromine and 
potassium h^'droxide, a white crystalline predpitate being obtained. 

^ Sclioellor, Schrauth, and Essers, 5er., 1913, 46 , 2869. 

2 Manchot, Ber„ 1920, 53 , 984. 
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It crystallises in colourless needles, M.pt. 198° C., not decomposed by 
hydrochloric add. "With potassium iodide solution a yellow iodide is 
formed. 

Some bromide is formed when ethanol mercuric bromide is oxidised 
by permanganate, but the main product of the reaction is oxalic acid.^ 

Anhydride of hydroxymercuri-acetic acid.- — This derivative 
is not obtained b)* direct mercuration of the acid or its derivati\ es, but 
by degradation of malonic acid derivatives. 

{a) Mercur}'- malonic ester (10 grams) is \’igorously shaken with 100 c.c. 
(about 4-5 mols.) of normal sodium hydroxide at 37° C. for three hours, 
when a clear solution is obtained, which is allowed to remain at the 
same temperature for a further twelve hours. After filtering and diluting 
with 200 c.c. of water, 110 c.c. of Normal sulphuric acid are added, 
when white fiocks separate, and carbon dioxide is evolved. The reaction 
is then brought to completion by allowing the mixture to remain on the 
water*bath for several hours, after which the precipitate is filtered off and 
w’ashed free from sulphuric acid bj^ decantation with hot water. The 
product is then dried in vacuo over phosphorus pentoxide, when a horny 
mass is obtained. Yield 5 to 5-6 grams, which is some 90 per cent, of 
the theory. 

{h) Malonic acid (100 grams) and 120 grams of solid sodium hydrox* 
idc (about 3 mols.) are dissolved in 300 to 400 c.c. of water and heated 
to boiling, when 200 grams of precipitated mercuric oxide (1 mol.) are 
slowly added during half an hour. The oxide goes into solution, and 
the liquid is then diluted to about 1500 c.c. by the addition of 950 grams 
(1-5 mols.) of sulphuric acid (15-9 per cent.). It takes several hours to 
evolve the carbon dioxide completely, after w^hich the product is filtered 
off and w^ashed free from sulphuric acid, a nearly theoretical yield being 
obtained. 

IMono* and trimolecular formulae have been proposed for the com- 
pounds I. and II., whilst Biilmann belie^'es that the preparation {h) yields 
a product to which he gives formula III,^ 



CH2-C=0 

fif — (!) 



H 



CH,-CO-OHg-CH, 



CO^.Hg- 






CO 






O CO-CH2— HgO 



C02.Hg 



s— c/ 



^Hg.C02 

\C00H 
COOH 



^Hg.C02 



I. 



II. 



III. 



The anhydride tow^ards 200° C. becomes brown, and at 250° C. 
explodes. It is insoluble in the usual solvents, but soluble in alkalies 
and alkali salts, yielding hydroscymefcuri-acetic acid, HOHg.CH 2 .COOH. 

The sodimn salt of this acid is obtained by dissohdng the anhydride 
in 1 mol. of sodium hydroxide and evaporating the solution in the absence 
of carbon dioxide. Needles are deposited, which are fairly soluble in 
water, giving a solution alkaline to litmus, but the salt is insoluble in 

1 Sand and Singer, AnnaUn, 1903, 329, 166. 

‘ Schrauth and Schoeller, Ber„ 1908, 41, 2090 ,* German Patents, 208634, 213371. 

® Biilmailn and Witt, Ber., 1909, 42, 1067. 
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the usual organic solvents. When treated with anmioiiiiun sulphide, 
mercury .sulphide is precipitated, and with solutions of nicLallie salts 
the difticultly soluble metallic salts of the acid arc precipitated, e.g, 
copyer sulphate yields {H01ig.CIl2C00)^Cii. The calcium, silver, 
mereunj, and lead salts a, re wliite powders. 

Anhydride of hydroxymercuri-diacetoxymercuri-'acetic acid A 
— Dry mercuric acetate and freshly distilled acetic anhydride arc heated 
at 100° C., until a test portion of the solution gives no precipitate of 
mercuric oxide, when treated with sodium hydroxide. A mercury 
dcn\‘ative of acetic acid is thus obtained as a line micro-crystalline 
precipitate, having the composition ; 




This acetate is insoluble in organic solvents, dissolves with decom- 
position in lu'drochloric acid, but is soluble in cold ‘20 per cent, nitric 
acid with formation of a nitro-aceiate, 



Mg. /HgOAc 

Q/ 

\lIgNO3 



which may be precipitated b}'' the addition of a large bulk ol' water. 

Both the above compounds are non-explosive, but the free base 
prepared by decomposing the diacetate with cold potassium hydroxide 
is an exceedingly explosive compound. It is colourless, easily soluble 
in cold 20 per cent. hydrocWoric acid or in potassium cj^'anide solution, 
and has the constitution ; 



20 ' 



Mg 



\ng/ \co^ 



•Hgv 

N0.51I.,0 



^Mien heated to IGO® C. it loses water and carbon dioxide, fonning 
probably a methane derivative. 




This compound when reduced by sodium amalgam yields mercuric 
acetate, whilst potassium iodide forms the corresponding iodide. 
Mercuri-hydroxymercuri-acetic acid,- 



Hg==C-COOH 

Hg-OH 



The >sodinni salt of the acid is obtained when sodium acetate, mercuric 
oxide, and concentrated alkali are heated together' at 110° to 120° C. 
for two to three hours and the melt extracted with water. The residue 
remaining is a polymer of the pr-cceding compound, and is insoluble in 

1 Sand and Singor, Ber., 1903, 36 , 3707. 

® Hofmann, Be?\, 1899, 32 , 870 ; CAem, Zentr., 1899, 1. 1024. 
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alkali or acids. It dissolves, however, in nitric acid, and addition of 
Water precipitates I he niir(dt\ 



[(N 03 ng.)(IIq-=)C.C 00 HL 

as a ycllowish-whitc crystalline mass, which dccomjjoscs on heating or 
on treatment with hot dilute hydrochloric acid or potasshmi cyanide. 
Sodium carbonate or 5 per cent, potassium hydroxide conveits this 
nitrate to tlic hydroivide, but prolonged warming with concentrated 
alkali yields salts. A .potassium hydroxide solution of the nitrate 
on addition of alcohol gives a precipitate of a yellow potassium salt 
of the formula, 

CaHg^OaHK.CaHg^OgHa.SHA 

and this i.s decomposed by dilute hj^'drochlohc acid to the chloride ^ 

(ClHgOsIIC.COOH. 

The nitrate of mercuri-hydroxymercun-acetic acid is precipitated from 
alkaline solution by dilute nitric acid as a voluminous precipitate, wliich 
crystallise.s from 10 per cent, nitric acid in long needles. 
Dihydroxymercuri-iodomercuri-acetic acid. 



HOHg^ ^Hgl 
HOIIg^ ^COOH 



Whereas mcrcuri-hydroxymercuri-acetic acid derivatives are formed 
when sodium acetate, mercuric oxide, and concentrated alkali are heated 
together, the replacement of the oxide by mercuric iodide leads to the 
production of the sodium salt of the above iodomercuri compound when 
the action is carried out at 105° C. The derivative crystallises in yellow 
plates, which are only decomposed with difficulty by hydrochloric or 
hydrobromic acids. The free acid is obtained by the action of dilute 
nitric acid on the sodium salt, and it crystallises in greenish-white plates, 
which are partly decomposed by hot dilute hydrochloric acid, and com- 
pletely by potassium cyanide solution, whilst potassium iodide gives a 
strongly alkaline liquid which is yellow. This iodide with dilute silver 
nitrate solution gives the nitrate^ (N 03 Hg)(H 0 Hg) 2 .C.C 00 H, as a 
yellowish-wlhtc crystalline powder, which decomposes on heating, and 
is insoluble in water or 3 per cent, nitric acid, but soluble with partial 
decomposition in hydrochloric acid, potassium cyanide, or iodide 
solutions. 

Trichloromercuri-acetic acid, (ClHglgC.COOH. — When an alco- 
liolic solution of mercuric chloride is boiled for twenty hours with 
sodium ethylate, acetate, or propionate, the mercarbide, C,HgA 4 > 
obtained iu glistening scales. It is soluble in hot alkali, and dilute 
hydrochloric acid precipitates the above chloride from the solution, 
a black residue remaining, which is a mixture of mercury with di- and 
trimcrcuri -acetic acid. The mercarbide, I., when warmed with sodium 
hydroxide or potassium cyanide, is decomposed, mercu^ separating and 
a strong odour of aldehyde resin being noticed. Heating withmercuriG 
oxide and potassium hydroxide at 105° to 110° C. gives the explosive 
base II. : 
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C1H^\ /Cl 

>c— c 

ClHff ^ 



I. 






HOHg. .HgOH 

/Hg^p 

o< K >0 

\Hg/ 

II. 



Halogen substituted acetic acids have not been investigated to any 
great extent as to their capacity for forming^ mercury de^ivati^'es. 
Hofmann ^ isolated the compound, HgCl.CHCl.COOH.KCl, by boiling 
sodium monochloroacetate with mercuric oxide and alkali in aqueous 
solution. The compound crystallises from alcohol in silky needles, 
which are decomposed by dilute hydrochloric acid into mercuric chloride, 
potassium chloride, and glycol ; by sodium hydroxide into mercuric 
oxide and sodium glycollate. 



Derivatives of Cyanoacetic Acid.^ 



Hydroxymercuricyanoacetic acid. 



hooc.ch.cn 

HgOH 



When 3-24 grams of mercuric oxide (0*015 mol.) and 1-7 grams of 
cyanoacetic acid {0-02 mol.) in 30 c.c. of water are shaken together for 
two days, the mercuric oxide dissolves and a white ciystalline precipi* 
tate is deposited (4-4 grams), which is soluble in alkalies forming salts. 
Attempts to prepare the same compound from aqueous cyanoacetic acid 
and mercuric acetate failed to give the same result. The sodium salt 
of the acid is obtained in good yield when sodium cyanoacetate is shaken 
with mercuric oxide, and the potassium and barium salts are prepared in 
the same way. The potassium salt is also obtained when mercuric 
cyanide and potassium cyanoacetate react in alkaline solution. 

Tlie ethyl ester is prepared by adding an aqueous solution of mercuric 
acetate (3*36 grams in 100 c.c.) to the ethyl ester of cyanoacetic acid in 
methyl alcohol {2-4 grams in 60 c.c.), when 6-2 grams of the ester 
separate as a snow* white crystalline precipitate. The methyl ester is 
also crystalline and prepared in a similar manner. 

By treating a neutral solution of mercuric nitrate with ammonium 
cyanoacetate, Meves ® obtained a mercury compound of indefinite com* 
position. Petterson, by adding ammonium cyanoacetate solution, 
0-02 mol., to an aqueous solution of mercuric acetate, 0-03 mol., obtained 
in two days a white flocculent precipitate, which split off mercuric oxide 
when treated with sodium carbonate. The following formuhe ha^*e 
been proposed for the substance : — 



CN 



CN CN 



CN 



CN 



Hg- 



CN 



HC.COO— Hg— OOC.CH, t-COOH HOOC— C and HC.CO— O— CO.CH 






- 0 * 



-Hg H. 



O 



Hg 



HgO — Hg OHg 



1 Hofmann, Ber., 1899, 32 , 870; Chem. Zentr., 1899, i. 1024. 
^ Petterson, J. praM. Ohtm., 1912, 86 , 462. 

^ Meves, Annalen, 1867, 143 , 204. 
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Derivatives of Benzoylacetic Acid.^ 

Anhydro-'a-hydroxy-mercuribenzoyl acetic acid, Cglla.CO — 
CH — CO — 0 — Ilg. — Three grams of benzoyl acetic acid in 50 c.c. of 



chloroform are boiled for one minute with an excess of yellow mercuric 
oxide and filtered. The filtrate is evaporated to dryness, the residue 
extracted twice with ether and dried. Yield 1-3 grams. The compound 
is white, decomposes at about 290° C., and is readily soluble in hotchloro* 
form or sodium hydroxide, but insoluble in water or ether. Dilute 
hydrochloric acid decomposes it, forming mercuric chloride and benzoyl 
acetic acid, 

Mercury-bis-benzoylmethane, (C 6 H 5 COCH 2 ) 2 Hg.— Five grams 
of yellow mercuric oxide are added to 1-3 grams of benzoyl acetic acid 
in 50 c.c. of 95 per cent, alcohol, the mixture heated to boiling and 
filtered. The residue is boiled with 20 c.c. of alcohol, filtered, and the 
two filtrates combined. Dilution with water and cooling in ice yields 
0*8 gram of a very pale yellow precipitate, M.pt. 159-5° C. The com* 
pound is soluble in hot alcohol or acetone, but insoluble in water or ether. 
An alcoholic solution of the compound does not give a precipitate of 
mercuric oxide when treated with sodium hydroxide, but ammonium 
sulphide gives an immediate precipitate of mercuric sulphide. With 
mercuric chloride it yields the following compound : — 

Benzoylmethyl -mercuric chloride, — The above compound in 
hot 95 per cent, alcohol is heated with mercuric chloride until the 
mixture no longer gives a test for mercuric ions when treated with 
sodium hydroxide. The mixture, after dilution and cooling in ice, gii’es 
a precipitate melting at 146° C. This compound is identical ivith that 
]irepared by the direct inercuration of acetophenone, i.e, phenacyl- 
mercuric chloride, see p. 196. 



Derivatives of Nitro-acetic Esters. - 



Ethyl hydroxymercuri-aci-nitro -acetate anhydride. 



0^ ^C.C02C2hL 



This compound is formed as a white precipitate from the interaction 
of ammonium «ci-nitro*acetate and mercuric chloride in aqueous solution. 
It sublimes when carefully heated, detonates when strongly heated, and 
when ignited bums with a luminous flame. In bases it dissolves readily, 
but is almost insoluble in boiling water. Treatment with bromine in 
potassium bromide solution fomis ethyl dibroinonitro-acetate, and 
potassium iodide removes the mercury from the anhydride as mercuric 
iodide. 

Prager considered the formation of the anhydride to be preceded 
by the formation of ethyl chloromercuri-aci-nitro-acetate^ 



1 Kharasch and Staveley, J. Amer. Chem. Soc., 1923, 45 , 2966. 

2 Scholl and Nyberg, Ben, 1906, 39 , 1956; Prager, MonatsJi., 1912,33, 1285; Steinkopf, 
Annalen, 1923, 434 , 21. 
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/COoEt 

CH^NOo 

\lIoCl 

and it is probable that this coniponnd is formed when the anhydride 
dissolves in dilute hydroehlorie aeid, and the eorrespondin^? cyanide 
when potassium eyaiiide is used as soh’ent. 

The sodium aci-nitro eompound is a preemsh-yellow substance, 
formed when the anhydride is dissolved in sodium hydroxide aaid the 
solution evaporated with exclusion of atmospheric carbon dioxide. 

The following fonnnla has been assigned to it : — 

/COaEt 

C^NOgNa 

\HgOH 

iso-Propyl hydroxymercuri-aci-nitro -acetate anhydride, 



COsPr/^.C 





O 



is formed when mercuric chloride is added to an aqueous solution of tlie 
ammonium salt of isopropyl oci-nitro-acctate in the presence of sodium 
acetate, and the isobutyl and isoamyl derivatives irmy be prepared in 
the same way. The general physical properties of these compounds ai-c 
the same as those of the above ethyl derivative, save that potassium 
iodide does not react with their alkaline solutions. 



Derivatives of substituted Acetic Acids. ^ 

Many investigators have attempted to isolate mercury dcrivati\*cs 
from aceto-acetic ester, but the results have been so varied that no 
reliance can be placed on any of the early work on this eompound. 
Kharasch and Staveley,^ however, have obtained definite results by 
heating mercury salts of substituted acetic acids in vacuo^ e.g. di- 
methyl and diethyl aceto-acetic adds when dried and heated in vacuo 
at 00“ C. evolve carbon dioxide, and the mercury becomes bound to the 
carbon atoms* which were formerly attached to the carboxyl groups : — 

Heat 

[CHaCO.CEta.COoJoHg — ^ [CH3CO.CEt2-]2Hg-t-2CO, 

Mercury bis-a-acetyI-a~isopropyl or Mercury-bis-aceto-di- 
methyl -methane, [CHgCO.CMea— IgHg. — Mercuric dimethyl aceto- 
aeetate is heated in a vacuum at 90° C., when it is found to lose two 
molecular equivalents of carbon dioxide, which is shown by the loss in 
weight. The resulting mass is extracted with acetone, and the solvent 
removed in vacuo, the product isolated melting at 120° C. It is soluble 
in acetone, alcohol, toluene, or xylene, but only slightly soluble in ether. 
Mercuric sulphide is split off from it by the action of ammonium sulphide, 
but no mercuric oxide is formed when sodium hydroxide is added. The 
compound soon decomposes with the deposition of metallic mercury. 

* Hellon and Opixjiiheim, Ber., 1877, lo, 701 ; Hofmann, Bcr., 1898, 31 , 2212 ; Lev, 
Ber., 1900, 33 , 1014 Biilmann, Ber., 1902, 35 , 2585 ; Michael, Ber., 190.'5, 38 , 209o’. 

“ Kharasch and f^Weley, J. Anier. Ohem. Soc., 1923, 45 , 2961. 
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Aceto -'dimethyl -methyl - mercuric chloride, CIIaCO.CMca — 
iTgCl. — To 1-8 grams of the preceding compound in 15 c.c. of alcohol 
1 -4 grams of mercuric chloride dissolved in 30 c.c. of 95 per cent, alcohol 
are added, and the whole boiled for five minutes. On cooling, wlute 
crystals, M.pt. 124-5° C., arc deposited. Yield 1-1 grams. 

In a similar manner, commencing with mercuric aa*dicthylaceto- 
acetate, the following compounds have been obtained, their pro])erties 
being analogous to those of the methyl compounds : — 

Mercury bis-a-^acetyl-'a-ethylpropyl or Mercury bi s -aceto - 
diethylmethane, [CHgCO.CEt^— Jallg, M.pt. 109° C. ; Aceto -diethyl - 
methyl-mercuric chloride, [CHaCO.CEtg— ]HgCl, M.pt. 77° C. 

Diazo-acetic Esters.^ — Mercuric oxide dissolves in the cooled ethyl 
ester of diazo-acetic acid, and the product is extracted with ether. From 
the ethereal solution yellow, rhombic ciystals of mercury bis-diazo^acelie 
ethyl ester are deposited, the parameters of which are a : b : c =0-4540 •. 
1 : 0-72527. The crystals melt with decomposition at 104° C., and are 
affected by direct sunlight, mercury separating out. The substance 
explodes on concussion and is volatile in steam, with some decomposition. 

The methyl ester yields a similar compound which melts with partial 
decomposition at 123° C., and is less soluble in ether than the cthjd deri- 
vative. Tlie methyl compound is decomposed by water at ordinary 
temperatures into mercur^'-, nitrogen, methyl alcohol, oxalic and 
gly collie acids. 



Derivatives of Propionic Acid. 
Anhydride of a -hydroxymercuri propionic acid,- 

CII3— CH— CO 




Hydroxymercuri methyl malonic ester, HOHg.CMe(C0.2Mc)^, is saponi- 
fied with 4 mols. of Normal alkali hydroxide and the resulting solution 
acidihed by dilute sulphuric acid. The precipitate is washed, suspended 
in water and boiled until the evolution of carbon dioxide ceases, a nearly 
quantitative yield of ester being obtained. It decomposes at 150° C., 
and with halogen acids yields mercuric salts. It is insoluble in organic 
solvents, but dissolves readily in alkalies. 

j8-Mercury bis-propionic acid, Hg(CH2.CH2.C02H)o.^ — This 
derivative is isolated by reducing jS-iodopropionic ethyl ester in cold 
ethereal solution with 0-5 per cent, sodium amalgam. The residue is 
shaken with warm Normal sodium hydroxide solution, then cooled and 
acidiiied with dilute sulphuric acid, which precipitates colourless crystals. 
Yield 27 per cent. It is recrystallised from hot water, and melts at 
148-5° to 149-5° C. (corr.). It is easily soluble in warm alcohol, less so in 
acetone or hot ethyl acetate, and sparingly in ether or chloroform. It is 
soluble in hot concentrated hydrobromic acid, the solution depositing 
crystals of an acid on cooling. Heated with water at 100° C. the acid 
forms the anhydride of ^-hydroxymercuripropionic acid. This decom- 
poses at 190° C., and is insoluble in the usual organic solvents or water, 
but soluble in alkalies or warm mineral acids. 

^ Curtius and Buchner, J. pmkt. Ghem., 1888, [2], 38, 411 ; Buchner, Bei\, 1895, 28, 215- 
- (Schoeller and Schraiith, Ber., 1909, 42, 782. 

3 Fischer, Ber., 1907, 40. 387. 

VOL. XI. : I. 
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Derivatives of Malonic Acid and its Esters.^ 

Mercury bis-maionic methyl ester, IIg[CH (COOMe ) o] — Methyl 
malonate {36 grams, 2^ mols.), with 25 grams of mercuric oxide (1 mol.) 
and 50 e.c. of water, are shaken on a machine at 37° C., in the absence 
of light. After twelve hours a white bod}'' hamng the above composition 
.separates out. It is soluble in eold chloroform and sparingly in alcohol, 
acetone, or ethyl acetate. It sinters at 125° C. and melts at 127° C. 
(corr.). Saponification with 4 mols. of Normal alkali, and acidification 
with dilute sulphuric acid, gives an almost quantitath-c yield of the 
anhydride of hydroxymcrouri-acetic acid. 

Hydroxymercuri methyl malonic methyl ester, IIOlIg.CMc 
(COgMe),. — The preparation is carried ont in a similar manner to the 
above, using equal molecules of the ester and mercuric oxide and con* 
tinuing the shaking for several days. It is a white amorphous solid, 
insoluble in the usual solvents- When saiionilied a.s above it givc.s an 
85 per cent, yield of the anhydride of hydroxymerenn-propionic acid. 
In a similar manner the methyl enter of ethyhualouic acid yields SO per 
cent, of hydroxymcTcuribntyric acid anhydride. 

From malonic acid itself, Biilmann ciaims to have obtained stu'eral 
vciy complex derivatives, but their constitution seems doubtful. - 



Derivatives of Unsaturatf.d Acids.- 

The acids of this senes can be mereurated, with the exception of 
fnmaiic and niesaconic adds, which only yield normal mercuric salts. 

Anhydride of a-hydroxymercuri-/3-hydroxypropionic acid, 

CIi2(OH)- CH—CO 

Hg-0 

Five grams of anhydrous acrylic acid are mixed with a solution pre- 
pared from 10 grams of mercuric oxide in 10 e.c. of sulphuric acid and 
40 c.c. of water. Addition of alcohol gi^■es a white, sticky preeij)itate, 
the latter on treatment -with alcohol "becoming gritty. It is filtcrccl 
off, washed, and diied, and is \‘ery hygroscopic. The yield from two 
preparations was 8 to 9 grams. Biihnaim assigns the following eun- 
stitution to this body : — 



CH 2 OH.CHHg.CO 2 CH 2 OII.CllHg.CO 2 H 

bO^ 

I CH 2 OH.CHHg.CO 2 CII 2 OH.CHIIg.CO 2 H 



If the substance be boiled \vith 8 to 10 parts of water, a part of it 
dissolves; the insoluble residue, washed vath water and alcohol and 
dried, gives the pure anhydride. 

1 Biilmann, 5er., 1902, 35, 2580 ; Schoellei- and Schraiith,i/)ifl!., 1008, 41. 2089; Geniiali 
Patents, 208634, 213371. 

2 See German Patents, 221483, 231092, 248291. 

» Biilniann, Ber., 1902, 35, 2571. 
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It has aho been prepared hy heating merenrons acrylate, tlie follou' 
ing reaction taking place : — 



IIg,(CH2=CH.C0j).j+H,0 =1 Ig +CH 0 -C 1 1 . CO .11 +CH .0 H .CT IHo-. CO , 
Anhydride of a-hydroxymercuri-jS-hydroxy-n-botyric acid,^ 



CII 3 — CHOH— CII— CO 

Hg — 0 

Scvc-n grams of crystallised erotonic acid in 50 c.e. of warm water are 
heated with 7 gmms of mercuric oxide until coinjjlete .solution lakes 
place. The solution is then e^‘aporated to about 25 c.e.. cooled, and 
treated with 200 e.c. of absolute alcohol. The wliitc ])reci|)it:itc is 
washed with alcohol and ether, and dried over calcium chloride. 

The anhydride may also be piepared by the interaction of crotonie 
acid and mercuric acetate, precipitating the j^roduct with alcohol. 

Mercuration of erotonic acid using mercuric sulphate solution docs not 
yield a jmre compound. 

Derivative of a-acetoxymercuri-jS-hydroxysiiccinic acid, 

110— CH— CO 2 . 

1 >Hg. 21UO 

AcO.IIg— CIT— CO 2 / 

Mercuric acetate, 20 grams, is dissolved in 60 c.e. of water and treated 
in the cold with 5 grams of maleic acid in 40 c.c. of water. Any jire- 
dictate which may be foimed is filtered off. 4 grams of maleic acid in 
40 c.c. of water added, and the mixture heated, a wdiite nncro*cry.stalline 
precipitate separating out. This is filtered off and washed with very 
dilute acetic acid, then with water, alcohol, and ether. Yield 7-5 grams. 
It is insolnblc in w*atcr and alcohol, but dissolves in acids or alkalies. 
It reacts with .sodium chloride and ]:)otassium iodide solutions according 
to the equations : 

HOCH-CO,Na 

CellellgaOj d-3NaCl= | +C 2 H 302 Na+HgCU 

ClIIg.CH-COaNa 

C«H6Hg207-t-4ia=C2ll362K-kC2ll2(C0.2K)2+2Hgl2+K0H 

Derivative of anhydro a-hydroxymercuri-a-hydroxymethyl 
succinic acid. 



(H 0 .CIl 2 .C(C 02 Hg).CH 2 .C 02 ) 2 Hg or {Hg.CH. 2 .C{C 02 )( 0 H).CI-l 2 .C 02 ) 2 Hg 



When prepared by the mercuration of itaconic acid using mercuric 
sulphate solution, 7 grams of acid and 50 c.c. of the salt solution yield 
11 grams of product. It contains 3 molecules of water of crystallisa* 
tion and has similar properties to the preceding compound. 

Derivative of Citraconic Acid . — Five grams of the acid in 40 c.c. of 
water are added to a cold solution of 20 grams of mercuric acetate in 
60 c.c. of water. When heated at 60° C. this mixture yields a micro* 



1 Ley, Ber., 1900, 33, 1010 ; Billmann, loc. cit. 
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crystalline precipitate, whicli is filtered whilst hot. It is wa.shed \\'itJi 
very dilute acetic acid, water, and alcohol. Yield 8 prams. The follow- 
inp constitution has been assigned to it : — 

CH3-C(0H)-C02x Ac0.Iig.C(CHd)-C02v 

I /Hg or I 

AcO.IIg.CH CO 2 / IIO.CII CO/ 

It is insoluble in water or alcohol, but dissolves in acids. Ammonium 
sulphide precipitates mercuric sulphide fmm its alkaline solutions. 



Dehivatives oe Chaulmoogric Acid.^ 



Anhydride of hydroxymercuri-ethoxy- chaulmoogric acid. — 
To 1 mol. of mercuric acetate dissolved in 2000 c.c. of hot .‘ibsohiic 
alcohol and 400 c.c. of glacial acetic acid, and cooled to room tempemUn c, 
1 mol. of chaulmoogric acid is added in small portions, ^vith constant 
stirring, until a fairly clear solution is obtained. After l\veiity*foiir 
hours any sediment is filtered off and the filtrate allo^^‘ed to stand in .-in 
ice*chest for three months. A total of 50 grams of crystals is thus 
obtained, and reciystallised from 95 per cent, alcohol. A mn.ss of 
.silvery, minute needles is formed, melting at 112° to 113° t\. to a clear 
liquid. It is readily soluble in chloroform or glacial acetic acid, less so 
in hot alcohol, hot ethyl acetate, or hot acetone, and practically insoluble 
in cold solvents. Its constitution is represented bj' formula 1. 

Ethyl acetoxymercuri-'ethoxy-chaulmoograte {II.), — One mol. 
of freshly distilled ethyl chaiilmoograte and 1-25 mols. of mercuric 
acetate are dissolved in 1000 c.c. of absolute alcohol and 100 c.c;. oJ' 
glacial acetic acid. The solution is tightly stoppered and allowed to 
stand for ten days in an ice-chest, then filtered, and the filtmLc poured 
into a large volume of water. An oil is obtained, and if the water be 
separated off, tile oil partially solidifies on standing. It is filtered and 
the residue recrystallised from petroleum ether, then from abholutc 
alcohol. Yield 15 grams. It forms minute, colourless needles, 

67° to 68° C., stable in air, but decomposed by inorganic acids.- 



Hg— CH— CH(CH[2 )i2CO- 

I 1 

EtO.CH CH 2 

\/ 

CII 2 

I. 






AcO.Hg— CH— CH( CII 2 ) 1 2 CO jRt. 

EtO.CH CI-I 2 

\/ 

CII2 

II. 



1 German Patent, 245571 ; Dean, Wrensliall, and Eiijimoto, J. .‘Imrr. Oh'm. Hw., 11)2.". 
47, 4i)3. 

2 The patent mentioned above (German Patent, 245.571) also dcale with the mercura. 
tion of cyclohesenecar boxy lie ester. 

The following Germ, an patents have also been taken out for alipliath; tieid iiierouriaLs ; 
Ihid., 246207, behenolic acid esters, steal’oUc acid ester. Ibid.^ 2C4267, alyl hydroxy fatty 
acids. Ibid., 279199, aminoniethane disulphonie acid. Ibid., 228877, oleic ficid ethyl 
ester, triolein. Ibid., 387850 ; American Patent, 1457075 ; diethyl diallylmalonate, diallyl- 
barbitiiric acid, ethyl diallylacetate, diethyl o.phenylenediacrylatc, diphenie acid and 
ethyl dipheiiylamine-2-efii‘box‘ylate. 

The following deal with 2 >nriiie dedvatives : Ru,scutlml/-r and Aix-bnami, Bc-r. D<itt. 
pharm-. Oes., 1923, 33 , ISO ; German Patents, 282370, 282377. 
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MERCURY (continual). 

Akoimatic Compounds oi’ thd Types RgHg ; RHgil' ; RHgX. 

Ai.l the compounds of the type RoHg, with the o-Vccptioii of mei’cnry 
clibenzyl, the bromo-, cliloro*, and nitrophenyls, and thienyl derivatives, 
ha\'c been prepared by the amalgam method. The amalgams used arc 
more coneentrnted than for the corresponding alkyls, and a higher 
temperature is required for the reaction ; the strength of amalgam in 
certain cases is as follows : Mercury diphenyl, 2-7 per cent. ; mercury 
di*o-tolyl, 8 per cent. ; mercury di*m*tolyl, 3 per cent . ; mercury di- 
m*xylyl, 2 per cent. ; mercury dipseudocumyl, 1-5 per cent. ; mercur}'- 
di*a*naphthyl, -1 per cent. The Grignard reagent has not been used so 
extensively in these preparations as with the alkyls, but it is the sole 
method of obtaining mercury dibenzyl, and has also been applied to 
the production of mercury diphenyl and di cyclohexyl. A recent 
method of preparation consists in treating plienylmcrcuric cn* halogen- 
ated plieuylmercimc lialides ^vith copper in pyridine solution, and in this 
}Viiy mereiiiy diphenyl, di-p-chlorophcnyh di-p-bromophenyl, and di*o- 
uitropheuyl hav*c been isolated. Stannous chloride and sodium hydroxide 
in pyridine have also been used instead of copper in the ease of the 
phenyl compound. It has already been noted that ethyl hydrazine 
reacts with mercuric oxide to yield mercury diethyl, and phenyl hydra- 
zine in the same way yields mercury diphenyl. The halogens attack 
mercury diphenyl, giving PhHgHal., but in the case of bromine or iodine 
the reaction proceeds a stage further if four atoms of halogen arc used, 
as sho\vn by the equations : 

RaHg +2Hal. =RHgHal. +RHal. 

RHgHai. +2llal. =RHal. +IIgIIal .2 

A similar series of reactions also occurs when mercury di-a-naphthyl 
is treated with iodine in carbon disulphide solution. 

Gaseous hydrogen chloride, bromide, or iodide decompose me.reuiy 
diphenyl, whereas hydriodic acid forms phenylmercuric iodide. Con- 
centrated hydrochloric acid varies in its action towards these dcri- 
\^atives. Wlhlst mercury diphenyl, di-o-nitrophenyl, di-p-tolyl, di-a- 
naphthyl, di-/S~naphthyl are decomposed when boiled with concentrated 
hydrochloric acid, mercury di-m-xylyl, dipseudocumyl, and bis -diphenyl 
remain unchanged. Concentrated nitric acid decomposes mercury 
diphenyl, di-p-tolyl, and di-a-naphthyl, di-jS-naphthyl, and sulphuric 
acid gives similar results. When boiled with organic acids, mercury 
diphenyl forms salts of the type RHgX, and mercury di-a-naphthyl 
beha\‘es in a similar manner towards glacial acetic acid, but when heated 
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in a scaled tube with the latter aeid mercury dibenzyl is decomposed. 
As far as investigations have gone, the following chlorides i*eucl with the 
type RgHg to yield organometallic compounds : boron, indium, thallium, 
phosphorus, and arsenic trichlorides and silicon tetracliloridc, likewise 
the metals magnesium, zinc, cadmium, aluminiiiin, selenium, and 
tellurium. Mercury dipJienyl reacts \vith mercuric chloride in acetone or 
alcoholic solution to give phenyhnercnric chloride, but if merctirous 
chloride is used a temperature of 160° C. is necessary to effect the change. 
Mercuric halides or cyanides react with mercury dicycloliexyl in any 
solvent to yield the type RHg'X, and the halides give a similar result 
with mercury di*a-naphthyl. Bromine also splits off a naplithyl group 
from the latter compound. 

The foregoing reactions do not necessarily ap]dy to B of f g when 11 =- 
thienyl, and these compounds come under a category of their own. All 
the compounds of this type are prepared from lialidcmcrc-uri tliiopiieiies, 
the method of conversion depending on the j^osition of the substituents 
in the thiophene ring. It was found that attempts to produce the iodide 
from 2*chloromercuri thiophene by the action of sodium iodide in acetone 
solution gave only small yields, but a considerable amount of mcreury 

2 ; 2'-dithienyl was formed at tlie same time. In vestigation showed that 
this method of producing the tj’-pe R 2 llg is a general one, if the mercury 
residue be in the a*position, and in the case ol' 5-chloroincrcuri*2-hcnz}‘i* 
thiophene the change is brought about by sodium thioc}^anate in acetone 
solution. Di -substituted thiophenes containing methyl groups in the 

3 ; 4 or 3 ; 5 positions react in a similar manner, but if these groups are 
in the 2 : 5 positions the conversion cannot be brought about by sodium 
iodide. 3-Chloroinercuri-2 : 5-dimethylthiopheiic is transformed to 2 : 5 : 
2' : 5Utetramctliyl-3 : 3’'-dithien)d by boiling it in xjdenc solntion with 
metallic sodium, and the eoiTesponding 2 .- 5-diphcnyltIiiophcnc under- 
goes a like change. The reactions of 2 : S-dicliloromercurithiopliene are 
interesting and arc illustrated in the scheme below. It will be seen that 
the change from RligX to R- 2 Hg may be also brought about by heat in 
this case. 
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The dithienylenes, one of ^vhich is shown above, are iion-crj^stalline 
hisolnble powders, onh' decomposing at high temperatures. 

The tjq^e RIIgR' is much less stable than R2llg, and in all cases these 
unsymmctiical compounds have been obtained by aid of the Grignard 
reagent. In order to obtai]! satisfactory yields, the Grignard reagent 
should not be used in large excess, and the tcnpK'rature should be kept 
below 5 ° C. Mercury ethyl phenyl decomposes after standing for se^*eral 
months into mercury diethyl and mercury diphenyl, and a similar 
change takes place with mercury ethyl bcii5',yl . At ordinary temperatures 
mercury phenyl benzyl is slowly transformed into mei-cury diphenyl and 
mercury dibenzyl, but at 80 ° C. the decomposition produces mercury, 
dibenzyl. and mercury dibenzyl. Mercury o-tolyl benzyl at 80 ° C, 
yields mercury, dibcuzyh and mercury di-o-tolyl. xill compounds of this 
type when treated witJi alcoholic mercuric chloride split according to 
the equation ; 

IlIlgR^ +Hga o -RllgCl -t RTIgCl 

^Vith alcoholic hydi-ogen chloride, one compound of the type RHgCl is 
always formed, and sometimes both radicles gi^’e chlorides, but no 
general rule can be formnlated from the known compounds to cover 
all cases. 

Some methods of preparing derivatives of the type RHgX have 
already been dealt with in describing the reactions of the type R2Hg* 
In the case of benzene and toluene the mercuration may be carried out 
directly, using mercuric acetate. If tlic operation is performed in the 
presence of alcohol, benzene may be converted to phaiylmercuric 
acetate at 100° C., but the process takes about fifty-five hours to obtain 
an 80 per cent, jdeld. ^^’hen toluene is refluxed with mercuric acetate, 
ortho- and para- ring-substituted compounds arc produced. Another 
method is to trcat tlie aryl siilphinic acids or their sodium salts with 
mercuric chloride, when the following reaction occurs : — 

R.SO 2II +HgCl 2 -RHgCl +SO 2 +HC 1 

This reaction has been applied to phenyl and tolyl derivatives. The 
acid grouping of aryl boric acids may also be replaced by mercury, this 
affording one means of preparing phenyl, tolyl, and benzyl compounds. 

RB ( on ) 2 +HgCl 2 +H 2O -RHgCl -pHCl +H3BO 3 

The Grignard reagent has been employed in isolating the mercuric 
halides of the following radicles : phenyl, tolyl, benzyl, and naphthyl, 

RMgX d-HgXs-RHgX+MgXa 

If the compound RHgX be treated with a second molecule of 
Grignard reagent, the type R2Hg is produced. 

Triphcnylstibinc when heated with mercuric chloride yields pheujd- 
mercuric chloride, and tri-m-tolylstibine mercurichloride when boiled 
\vith alcohol is converted into m-tolylmercuric chloride. 

Although thienyl compounds of the type RHgX react with potassium 
iodide in acetone to give the type R2Hg, this has only been noted in 
benzenoid derivatives in the case of p-tolylmercuric chloride, when a 
large excess of potassium iodide is used. With phenyl and a-naphthyl- 
mercuric chlorides only the corresponding iodides are produced. The 



12 ORGANOMETALLIC COMPOUNDS 

iodides in the tolyl series are obtained by refluxin)f tlie other halides 
with alcoholic potassium iodide, and pseudocmnylmei-curic iodide is 
only formed by heating the RaHg derivative with an excess of alcoholic 
mercuric iodide in a sealed tube at 130° to 140° C. 

The nitrates of the phenyl, tolyl, and a-naphthyl compounds _ are 
formed by the action of oxides of nitrogen on the RaHg derivati^*es 
as well as by alcoholic silver nitrate on the halides. 

In the case of halogen -substituted hydrocarbons the principal 
method used is the mercuration of the sulphinic acid, and not the h}’dro- 
carbon itself, whilst the method acts equally well \rith nitrobenzene. 
The nitrotoluenes when mercurated by mercuric oxide in the presence 
of sodium hydroxide yield compounds containing mercury in the .side- 
chain, but with mercuric acetate at 140° C., in the absence of a solvcui, 
the mercury alters the ring. If nitrotoluenc .sulphinic acids are used 
as starting-points, the acid group is replaced by mercury liy prolonged 
boiling with .50 per cent, aqueous alcoholic mercuric chloride. 

The sulphonic adds are mercurated directly bj'' means of mercuric- 
acetate in boiling aqueous solution in the presence of acetic add. 

Thiophene is readily mercurated by mercuric chloride in the prcsc-nc^c 
of sodium acetate, yielding mono- and di-niercniratcd products of the 
type RHgX, but not RaHg. Mono-substituted thiophenes- usually 
behave in a similar manner, and in the case of di-snbstitutcd thiophenes 
the position of the groups in the nnclens determines whether a di- 
merenrated product is formed, although all jricld monomcrciiri com- 
pounds. The bromides are obtainable from the chloride.s by using 
mercuric bromide in alcoholic solution, or fix>in the corresponding 
ditlhenyls b)'' treatment with mercuric bromide in acetone .solution. 
Replacement of the inerc-nric bromide b)'' sodium iodide (1 mol.) in 
acetone solution gi vc.s the iodides, the bromides RHgX lacing used instead 
of the chlorides. 



Compounds of the Type R2Hg. 

Mercury diphenyl, PhjHg, may be prepared in several ways, as 
follows : — 

1. From phenylmercuric acetate.^ It was first noted by Himroth 
that phenylmercuric acetate when treated with alkaline sodium staniiitc 
gives mercury diphenyl, and this reaction has recently been worked up 
by Maynard and shown to be the best method of preparation yet 
discovered, the yield being- approximately 90 per cent. .A solntioii 
containing 50 grams of stannous chloride in 125 c.e. of water and 125 
c.c. of cold 40 per cent, sodium hydroxide is added with mechaniail 
stirring to 30 grams of phenylmercuric acetate in 300 c-.c. of water. 
After stirring for one hour, mercury and mercury diphenyl separate, 
the mass being filtered, washed, and dried. The mercury diphenyl is 
extracted from the residue by 150 ex-, of acetone, and the compound 
precipitated by the addition of water. Yield lS-2 grams. The reaction 
may be represented by the equation 

2C6H5HgX+Na2Sn02+2Na0H={C6ll5)2lIg+Hg-fjNaX+Na2SnO3 
2. Two other phenyl mercuric- compounds ha^'e also been mentioned 
^ I>lmi-oth, Ber., 1902, 35, 2853 ; Maynard, J. Amer. Ghem. b'oe., 1924, 46, 1510. 
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as yielding increury diphenyl, ( 1 ) phenylmercurie bromide, by prolonged 
boiling with potassium sulphide, 

2 PliHgBr +K 2 S = 2 KBr +HgS +Ph aMg 

and (2) phenylmcrcuric iodide, when treated with sodium amalgam in 
alcohol or benzene solution. 

2 PhHgI +II 3 =2HI d-PhsHg 1 

By the Grignard reaction . 2 Twenty-live grains of bromobeuzene 
and 3-1 grams of magnesium in dry ether are .slowljr treated with 13 
grams of mercairic chloride and the mixture boiled for one hour on the 
Water-bath. The mass is then deeompost»d with dilute hj'^drochloric 
acid and the whole extracted with ether, the ethereal solution yielding 
about 7-.5 grams of mercury diphenyl. Yield 44 per cent, hlagncshnn 
phenyl bromide with phenyl mercuric chloride gives a 67 per cent, yield 
of lUCTCury diphenyl. 

4. By the Filtig reaction.^ In this case bromobenzciic, mercuric 
chloride, and metallic sodium are allowed to react in dry benzene. After 
eomidetion of the reaction the mercury diphenyl is obtained from the 
benzene solution. 

.5. By the use of sodium amalgam.^ Equal volumc.s of bronio- 
bcnzcnc and xylene containing one-tenth by volume of ethyl acetate arc 
treated with an excess of 2-7 jjcr cent, sodium amalgam and heated from 
120 '" to 140° C. for eight hours. The mercury diphenyl is obtained from 
the benzene-xylene solution in 46 per cent, yield. 

(). From phcnylmercuric sulphide, phenylmcrcuric thiocarbonatc, 
and phenylmcrcuric thiosulphate.''* 

The above three compounds arc changed to mercury diphenyl by 
treatment with alcohol, benzene, and .sodium thiosulphate respectively. 

7. From phcnylarsciiious oxide.** Thirty-four grams of phenyiar- 
seniou.s oxide in 300 c.c. of 2 -Normal sodium hydroxide are stirred with 
54*2 grams of mercuric chloride in 500 e.e. of water, the temperature 
being maintained at 0 ° C. The temperature is then raised bj’- heating 
on a water-bath until no further precipitate is formed, and afterwards 
the product i>s hltcred, washed, and dried. The mercury diphenyl is 
removed from this residue by boiling with alcohol, from which the com- 
pound crystallises on cooling. 

5. From pheiiylhydrazine.’ Phenylhydrazine is heated with an 
excess of yellow mercuric oxide, wdicn ni'trogen is evolved, and aniline 
and mercury diphenyl formed. Ten grams of the base yield 4 grams of 
pure compound, A similar result is obtained when mercury acetamide 
re]:)laces the oxide. 

9. By the action of co])per on a pyridine solution of plienylnicreurie 
bromide.® 

1 Drehcr and Otto, Annahn, 1870, 154, 03. 

Pfeiffor and IVuskier, Ber., 1904, 37> 112i5. 

* Michaclis and Reese, Ber., 1882, 15, 2877. 

^ Drehcr and Otto, he. ciL ; Bar., 1809, 2, 542 ; .hadciiburg, Anitaleii, 1874, i73> 151 ; 
Micllaelis, Annalen, 1876, i8z, 290 ; Aronlieim, Annahn, 1878, 194. 148. 

® Pesci, Gazzetta, 1899, 29, (1.), 394. 

® German Patent, 272289. 

’ Forster, Tranff. Chew,. >Soc., 1898, 73> 783 ; Fiselier and Fhrhard, Annalen, 1879, 
199, 332. 

8 Hein, Wagler, and Ketter, Ber., 1925, 58, [B], 1505. 
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10. From the compound produced by the action of ammonia on 
phenyl mercuric acetate.^ 

The compomid {Cen5Hg)2NH20Ac reacts with carbon bisulphide in 
alcoholic solution according to the equation ; 

(C6H5Hg)2NI-l2.C2H302+CS2=(CeH5)2HgH-HgS-t-C2H,02+CNSH 

Similar results are obtained if the carbon bisulphide is replaced by 
diphenyl- or p-ditolylthiocarbamides. 

11. The production of mercury diphenyl was noticed when bromo- 
benzene, chloroformic ester, and sodium amalgam internet in the pro- 
duction of esters of benzoic acid.^ 

12.2 solution of 6-2 grams of phenylmercuric chloride in 40 c.c. 
of pyridine is treated with 2-5 grams of stannous chloride in 5 c.c. of 
water and sufficient 30 per cent, sodium hydroxide to give solution. 
The mixture is filtered after several hours. Yield 3-1 grams, 90 per 
cent. 

Mercury diphenyl crystallises in small, felted needles, M.pt. 124 - 5 ° C., 
B.pt. 204 ° C. at 10-5 "mm. The melting-point as given by various 
investigators ranges between 120° to 1 20° C., and the variation is no doubt 
due to the presence of small quantities of diphenyl, wliich is always 
formed at the same time. The crystals turn yellow when exposed to 
light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble 
in water. Its density varies between 2-29 and 2 - 34 . No absorption 
bands are shown by chloroform solutions of mercury diphenyl at any 
dilution.'^ 

The reactions of mercury diphenyl are summarised in the following 
table : — 



REACTIONS OF MERCURY DIPHENYL. 



Reacting Sub. 
stance. 


Conditions of 
Reaction. 


Resulting Products. 


Refemnoes. 


Chloiine. 


Dry gas. 


Phenylmercuric chloride, 
chlorobenzene, mercurous 
chloride. 


Drclierand Otto, Annalen, 1870, 
154. 93. 


Bromine or 
Iodine. 


Two atoms of 
halogen in al- 
cohol or CSg. 


Phenylmercuric bromide or 
iodide, bromo- or iodo- 
benzenc. 


do. 


Bromine or 
iodine. 


Four atoms of 
halogen. 


Phenyl haloid, mercuric 
salt. 


do. 


free thiocyano- 
gen, (SCN)o. 


Ether solution. 


Phenylmercuric tliiocyanate. 


Soderblick, Anmle)i, 1919, 419, 
266. 


Hydrogen chlor- 
ide, bromide, 
or iodide. 


• « 


Benzene, mercuric salt. 


Dreher and Otto, he. cit. 



* Pesci, Oazzetia, 1909, 39, (i.), 147. 

Wurtz, Compt. rend., 1869, 68, 1298. 

® Steiiikopf, Bielenberg, and Jensen, Aniuden, 1923, 430, 71. 

* Purvis and M‘Cleland, Tracis. Ohem. Soc., 1912, loi, 1514, 







MERCURY. 



75 



Reactions of Mercury Diphenyl — continued. 



Reacting Sub- 
stance. 


Conditions of 
Reaction. 


Resulting lYoducts. 


LlEicl(;KF.KOBtf. 


Cone, hydiiodio 




Plicnydmercnric Iodide. 


Drelicr and Otto, he. cit. 


acid. 








b'uiiiing nitric 




Carbon, benzene, nitrobcii- 


Dreher and Otto. Rur., 1869, 2 , 
542; Otto, ./. Chou., 

1870, [2|, I, 179. 


acid. 




zciic, mercuric nitrate. 


tihicial acetic 


Boil. 


I’heiiylnic rcuric acetate , 


Otto, loc. cit. ; Drcdier vnd Otto, 


acid. 




benzene. 


Amialoi, 1870, 154 , 93. 


Formic, pro])i^ 
oiiic, or iiijl'is' 


Bod. 


I'henylnicrcnric salts, bein 
zenc. 


Dreher and Otto, loc. cit. 


tic acids. 








Hyjiochloroiis 


.. 


(Same results as cliloriiio. 


do. 


acid. 








Mercuric clilor- 


A.ce(onc or ah'o^ 


Rlicnylinarcnric chloride. 


(Stoinkopf. Anualnu, 1917, 413 . 


idc. 


hoi solution. 


310 ; Otto, he. cit. 


Mcrcnroirs clilor- 


In alcohol at 


rhenyluicroiii'ic chloride. 


Otto, he. cit. 


ido. 


160° C. 


metallic mercury. 




Mercuric cyanide 
or thiocyanate. 


Alcoholic solution 
at 120 °. 


Rhenylmorcuric salts. 


do. 


iler curie acetate. 


( 1 ) Alcoholic sol- 
ution at 
120° C. for 
1 hour. 


Phenyl mercuric acetate. 


do. 




( 2 ) M'ilhout a, 


1 *4 -Diacetoxy merciiri ben • 


Poscl, Atti. Li. Accud. Lined, 




solvent at 


zeiic, l-2-4driaoctoxy* and 


(5), 8 , i, 130 ; Cliem. Zentr., 




luO°C., 
and excess 
of acetate. 


1-2-4‘5-tctra-acetoxynicrcuri 

benzenes. 


1899, i. 734. 


Mercuric oxide. 


Sealed tube at 
1 S 0 ° C. 


Phenybiieruiiric oxide. 


Otto, he. cit. 


Oxides of nltro- 






Bamberger, Ber., 1897, 30 , 506. 


gen 




Phcnylinercuric nitrate, ben- 
zene diazoliiiini nitrate. 




N2O3. 






N3O,. 




Pliciiylinercuric nitrate, 
nitrosobenzene. 




N-Bl'onioacet- 


Dry bcnzclio solu- 


Phcnylmcrcuric bromide. 


Ivharascli, J. Amei-. Ghon. 80 c., 


amide. 


tion. 


methyl isocyanate. 


1921, 43 , 1888. 


N-Bromobens:- 


do. 


Plicnylnu'icnric bromide. 




amide. 








ni.Nitro‘N-bromo- 


do. 


ni-Nltrocarbanilide. 




benzamidc. 








Do. 0 - and p-iritro 


do. 






compounds. 








Sulphur. 


Alcoholic solu- 


Diplienylsnlpliide, mercuric 


Dreher and Otto, Ber., 1869, 2 , 


tion at 1 40° C. 


sulphide. 


542. 
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Reactions of Mercury Diphenyl — coniiuueiL 



Reacting Sub- 
stance. 


Conditions of 
Reaction. 


Resulting Products. 


J'l.ErKunj'fOBs. 


Tliionyl chloride. 


Heat. 


Pheiiylmcrcuric chl< iridc. 


Kcuiiuuin and !v 6 <*l(liii. /irr 

!8S3, 1 6 , 1625. 


Benzene sulphon- 
ic chloride. 
Toluene sulphon. 
ic ohlorido (p). 


Benzene .solution 
at 160° C. 
Benzene solu- 
timl at 120 ° C. 


Flienylinercnl’ic chloride, di- 
phenyl sulphone. 
p-Tolylmercuilc chloride, 

phenyhtolyl snlplionc. 


Otto, A'/')’., iS.So, 19 , 2 to. 


.Snlphnr trioxidc. 




Mercury beiizclic siilpliun- 
ato. 


Ottm if. prakt. C'/iem.. 1.S7(), 1 
[2], 170. 


Allyl iodide. 




Phenylmci'ciiric iodide, di- 
ally 1 , diphenyl. 


,S<(id)i, MomiUli., 18, SO, I, 71.3. 


Etliylenc di- 
bromide. 




Dibeiizyl, mercuric bromide. 


Dreliei* and Otto, lor. cit. 


Benzal chloride. 


At lo 0 '° C. 


i’hciiylmercuric chloride, tri- 
phcnyliiiethanc. 


Kcl;ul 6 ami Prini<’liiiii<iu(. l!u\ 
1872, 5 , OOit. 


i’lieliyl lodo di- 
chloride. 


Aepuious solu- 
tion. 


PheUyliiiercaric chloride, di- 
phenyl lodoniinii (ddoiidc. 


Willgcrodt, Jki\, 1S0,S, 31 ., 01.3. 


Lithium, .sodium, 
potassium. 
Copper. 




Meit'iuy, diphenjl. 


Dreluo’ and (H(n, A/,’, ril. 


Magnesiinn. 




Magnesiinn ilipheiiyl. 


Hilpcet and Ui-iittiicr. lOL’l 

46 . U)7,3 : Flerh, .liinuhr 

im, 276 , Kl-S. 


iiiiie. 


Boll for two 
minute.*? in hy- 
drogen atnio- 
spheie. 


/iinc dijihoiiyl. 


HiljX'J’t iuid <-liut(m’r, hr. ril, 
lirelier and Otto, lur. ril. 


Cadinium. 


In hydrogen 
atmosphere. 


Cadmium diphenyl. 


Hilpert and (iriit(.m»r, kic. oil. 


Boron trichlor- 
ide. 


At 180°-200° 0. 
for several 
hours. 


Phenyl boron chloride, mer- 
curic chloride. 


iMicluu'li.s, Her , 1880 , 22 , 241. 


Phenyl boroU 
chloride. 


At 300°-320° C. 
for 24 hoiiifs. 


Diphenyl boron cliloriile. 


Miolia<?lis, Brr., i«0t, 27 , 244. 


Aluiniiiiiim. 


At 140° C. for 
10-15 seconds 
In hydrogen or 
nitrogen atmo- 
sphere. 


Ahnniniuni triphenyl, nioe- 
ciiry, aluminium amah 
gam. 


Hilpoitumi ( iri'ittuor, Per., 1012 
45 , 2828. 


Indium trichlor- 
ide. 


• r 


Lidium diphenyl chloride. 


Goddard and Goddard, iiiipub 
lishod. 


Thallic chloride. 


Ether or bmizeiio 
solution. 


Thallium diphenyl chloride, 
phenylmercurlc chloride. 


ctoddard, Tran.’^. Vhcui, Bor. 
1922. 121 , 40. 
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Reactions of Mercury Diphenyl — coniimied. 



Rf-a< ting Sii li- 
ft taiioc. 


Coiidition.9 of 
Reaction. 


Rc-ftiilting Brodiieta. 


P-RI'KkEnoRs. 


Zii coiiiiiin tctrn- 
(•hlorido. 


Acjiicoii.'! solu- 
tion. 


7 a ' 0 (%, 2RiiHgC'l, benzene. 


Peters, £er., 1008, 41 , 3173 : see 
Annuleii, 1894, 282 , 320. 


.‘Silicon tetva^ 
cliloriile. 


At : 100 “ C. 


Phonyliiiel’curic chloride, 
phenyl silicon trichloride. 


Ladcnbiirg. Avnalcn, 1S74, 173 , 
152. 


l^tdnnif olilorido. 




Plienylniercin ic chloride, tin 
diphenyl diehloride. 


Aroiihcini, Annalen, 1878, 194 , 
148. 


PlHisgliur(i=i fii' 
< lilorid(>. 


H<iit at IS(R e. 


1 ’heiiy 1 uiorciirie chloi idc, 

])hosphciiyl chloride. 


Schwaize, J. pmlt. Chew., 1874, 
10 , ( 2 ), 222 ; Mifliaelh and 
Uiaetf, Ber., 1875, 8 . 922: 
Miohaelis, A)i»alen^ 1876. iSi, 
290. 


Arfeciiio trichloA 
idc (2 iiiols.). 
Aiseiiio trlclilor- 
idc (1 mol.). 


Heat at 2,i0^ 0 . 

Heal at 210" f. 
loi bcveml 
lioiira. 


Phenjd dichloro-al'sinc, iiici^ 
euric chloride. 

Diphenyl chloro-araine, iiicr. 
curie chloride. 


La Coste .nid Michaelis, A ivialen. 
1880, 201 , 196. 


I’henyl dicliloro- 
arsinc ( 1 mol. ). 
I’hc-iiyl dicliloi'o- 
arsiiic* (2 liiols.). 


• • 


Diphenyl cliloro-arsine. 

Diphenyl chloro-arsinc, mer- 
curic chloride. 


Michaelis and T.inh, Aiimden. 
1881, 207 , 19,1. 

do. 


Antimony tri- 
chloride. 


Xylene solution 
‘at 130° O'. 


Triphenylstibine dichloride, 
Diphenylstibiiie trichloride. 


Hasenbaumer, Ber., 1898. 31 , 
2911. 


Tliftniiith. 


Heat for 10 min- 
iites at 220° C. 
In hydrogen 
atniospheie. 


Tripliciiylbisiniitliine. 


Hil]>ert and Hriittner, Ber., 1913, 
46 , 1675. 


Bi.snuitli tri- 
In'oniidc. 


Dry ether feohi- 
(ioii. 


Triphenylbisinuthine. 


Challenger and Allprcss. Tmvs. 
Chejn. doc., 1921, ng, 913. 


.S’cleiiinm. 




Selenium diphenyl, soleiiiiim 
amalgam. 


Krafftand Lyons, Ber., 1894, 27 , 
1768. " 


Tcllui'iiun. 




Tellurium diphenyl, tcl- 
hirlnni amalgam. 


do. 


Tclliil'liim di- 
chloride. 




Chlorobenzene, telhirlnm 
amalgam. 


do. 


Acetyl olilorido. 


IVitli or without 
lieirzeiie. 


I’henyliiicrcuric chloride, 
acetophenone. 


Calvory, J. Arner. Ohem. Boc., 
1926, 48 , 1009. 


Benzoyl chloride. 


do. 


Phciiyhnercuric chloride, 
henzophenone. 


do. 


Btiiyl cliloi‘ 0 - 
loniiatff. 


do. 


Plieiiylniercuric chloride, 
henzophenone. 


do. 
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Mercury 2 •. 4 : 6 ; 2' ; 4' : 6'-hexanitrodiphenyl, M.pt. ‘272° C., i.s 
formed when mercnric 2 ; 4 ; 64riiiiti‘obenzoate is heated to 180" C. 
When heated ith alcoholic mevcnric chloride it is converted into 2 : 1 : 6- 
trinitrophenylmcrniric chloride.'^ 

Phenylmercury 2 : 4 : 6-trinitrophenyI,M-ph 227 5'" 0., is obtained 
by heating phenylmereuric triniLroben/oatc in a \ncmim at 222“ C. It 
is decomposed by hydrogen chloride, yielding bL'uzene and 2:1: 0- 
trinitrophcnylmercnric chloride.- 

Mercury di-p-chlorophenyl — Five grams of p-ehloropliciud- 
mcrcurie chloride, G-5 grams of cop|)cr and 35 e.c. of pyridine arc 
allowed to stand for a day. then the mixture is saturnted with carbon 
dioxide. An 81 per cent, yield, or 2-5 grams, of the mereni*^’ ccimj)ound 
is obtained. It cin'stallises from hot acetone in wliitc needles. 

242“ to 213° C... readily soluble in pyridine, less soluble in warm chloro* 
form or ether. 

Mercury di-p-bromophenyl forms white needles., M.pt. 21-1.° to 
245° C., obtained in 92 per cent, jnekl. It is very sohilde in pyridine, 
sparingly in cold acetone or ether. 

Mercury di-o-nitrophenyl ocenrs in pale yellow needles. M.pt. 
200° to 207° C., easily soluble in pyridine, hot acetone, and cai'bon 
disulphide, sparingly in carbon tetrachloride, \ield 92 per cent. 
When boiled with concentrated hydroeliloric acid nitrobenmie is 
split off. 



Tolyl Compounds. 

Mercury di-o -tolyl may be prepared by the sodium amalgmn 
method (see mercury diphenyl, IMethod 5). In this ease 8 per c-eut. 
amalgam is nsed, and the yield is about 83 per cent.'^ The eonipomui 
forms quadratic crystals from benzene, M.pt. 108° Cb ; B.jM. 219° C. ai 
14 mm. The reactions of mercury di-o-tolyl with tlic trichlorides of 
boron, phosphorus, and arsenic, also with nitrogen tri- and tetr-oxides, 
are similar to those described under mercury diphenyl (p. 74). 

Mercury di-m-tolyl is prepared from m-hromotolncnc using 30 i>ci‘ 
cent, sodium amalgam. From ethyl acetate it I'onns colourless needles, 
M.pt. 102° C., soluble in benzene, ^loroform, or acetone, less soluble in 
alcohol or ether. Heated with phosjjhoms trichloride foi‘ twcl\*e hours 
at 200° C. it yields m-tolyldichlomphosphine. 

Mercury di-p-tolyl is best prepared according to the description of 
Whitmore as follows Forty grams of pure p-tolylmcrcnric chloride, 
70 grams of sodium iodide (75 per cent, excess), 300 e.c. of 95 per cent, 
alcohol, are boiled for fifteen hours, the whole being vigorously stirred. 
After cooling and filtering the precipitate is washed with water' until the 
washings no longer react with hydrogen sulphide. The product may 
be further purified if necessary by recrystallisation from xylene, b'iel'd 

1 Kharasch, J. Amer. Chem. Soc., 1921, 43 , 2238. 

* Kharasch and Grafflin, J. Amer. Chem. Soc., 1925, 47 , 1948. 

® Hein, Wagler, and Better, Ber., 1925, 58 , 1499. 

* Michaelis, Ber., 1895, 28 , 589 ; Anmlen, 1896, 293 , 303. 

5 Whitmore, Hamilton, and Thurman, J. Amer. CImn. Soc., 1923. 4 S, 1066 ■ Peters 
Ber., 1905, 38 , 2567. 
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of pure product 80 per cent. The reaction takes places according to the 
equation : 

2RHgCl +4NaI -RoHg +2NaCl +Na 2 HgI, 

The coinpoimd may also be prepared from p-broniotoluene and 
sodium amalgam.^ 

The pure compoimd crystallises in needles. M.pt. 238° C., n'hich are 
soluble in l)cnzeiic, xylene, or chloroform, less soluble in alcohol, and 
insoluble in water. Mercury di-p-tolyl gi^"es the same type of products 
as mercury diidicnjd (sec table, p. 7-1) wltcn it reacts with halogens, 
halogen acids, mercuric chloride, boron or arsenic trichlorides, phos* 
phoras trichloride,- silicon tetrachloride, nitrogen tri- and tetr-oxides,^ 
sulphur, .selenium, and tcllurimu.'^ 

Treatment with conccutmted nitric acid does not yield the hydro- 
carbon as with mercury diphenyl, butnitrotohiencs, and alkaline })erinau- 
ganatc yields the tolyl mercuric hydroxide, the presence of the latter 
being showai by changing it to the chloride. p-Tolnene sulphonic iodide 
l:)oiled with mereiiiy cli-p-tolyl in carbon tetrachloride solution yields 
tolyhncrcurie iodide, mercmric iodide, and tolyl sulphone, whilst the 
corresponding sulphonic chloride does not react under the same con- 
ditions*.*'' i,Secp. 76.) 

p-Tolyimercury 2 : 4 : 6-trinitrophenyl, M.pt. 203° C,, is pi*epared 
in a simihir manner to the phenyl compound from p-tolylmercnric 
t r iu itr ob cmz 0 at c . 

Benzyl Compounds. 

The production of mercury dibenzyl apjDears to have been a matter of 
considerable diflicul ty Attempts to prepare it by the amalgam method 
1‘ailccl, and the first successful pre}iaration was made by use of Grignard’s 
reaction. 

Pope and Gibson ^ prepared mercury dibenzyl by the interaction of 
benzyl magnesium chloride and mercuric diloride in dry ether. This 
method was inqirovcd by Wolff,*’ and Jones and Werner,^*’ the latter 
investigators obtaining a greatly increased yield by snibstitnting benzyl- 
mercuric chloride for mcrc'uric chloride ; 3-8 grams of magnesium, 20 
grams of benzyl chloride, and 35 grams of benzyl mercuric chloride, 
giving 4i0 grams of mercury dibenzyl. Another method has recently 
been described in wdiich benzyl chloride is treated with an excess of 
magiiesiura dust, the liquid decanted off and mercuric chloride added to 
the solution. This mixtm*c is boiled and shaken, then treated with 
dilute acetic acid and extracted with ether, from which the product 
crystallises.^^ 

^ Ladcubiu'g, Anmlen, 1874, 173, 162 ; Zeiser, Ber., 1895, 28, 1670. 

^ Miehaelis, Annakn, 1896, 293, 292. 

3 Ivunz, Ber., 1898, 31, 152S. 

^ Zeiser, Ber., 1895, 28, 1670. 

3 Whitmore and Thurman, J. Amcr. Chem. Soc., 1923, 45, 1068, 

® Kharasch and G'rafflili, J. Atiter. Chevi. Soc., i925, 47) 1948. 

’ Canipisi, Gompt. rend., 1865, 61, 861 ; Wiirtz, Compt, rend., 1869, 68, 1300; Dreher 
and Otto, Aiinalen, 1870, 154, 176. 

3 Pope and Gibson, Trans. Chem. Soc., 1912, loi, 735. 

3 Wolff, Ber., 1913, 46, 64. 

Jones and Werner, J. Amer. Chem. 80 c., 1918, 40, 1257, 

Bands, Anal. Fis. Quim., 1922, 20, 667. 
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Mercury dibenzyl 'may also be oljtaiucd in 75 per cent, yield by tlie 
action of copper on a pyiidine solution of ben '/y I mercuric cliloride in I lie 
absence of air.^ 

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting- 
plates, readily soluble in chloroform or carbon tetrachloride, less soluble 
in benzene, ethyl acetate, or alcohol, and insoluble in ether or light 
petroleum. It is not decomposed when boiled with water, and gives no 
absorption bands. ^ When heated with glacial acetic add in a sealed tulic 
for seven hours at 160° to 170° C. it }delds mercuiy, toluene, benzyl 
acetate, and dibenzyl.® 

Mercury 2:4:2': 4'-tetranitrodibenzyl, (C6H3(NO;i)2.Cll2) Jig, 
is obtained by heating mercuric 2-4-dinitrophcnylacetatc to 180° V. 
It melts at 235° C., and when heated in the dry state yields tctraiiitrodi- 
benzyl,^ 

Xylyl Compounds. 

Mercury di-o-xyiyl crystallises in long needles, 150° 

easily soluble in benzene, chloroform, or ciirboii disulphide, less soluble 
ill ether or alcohol. It has never been prepared b)' any dhvet means, 
but was isolated as a by-produet by the interaction of uioiiobromo-o- 
xylol, CII3 : CII3 : Br=l : 2 : -1, sodium amalgam, and chlororonuic 
ester.® 

Mercury di-m-xylyl is prepared by the addition of 150 gramn ol' 
l*3*4)-bromoxylene to 2 per cent, sodium amalgam and the mixture thou 
heated for twelve houm at 140° to 150° C. The compound crystal li.scs 
in fine needles, M.pt. 169° to 170° C.. difficultly soluble in alcohol or cold 
ether, readily soluble in hot benzene. It is decomposed by hot hydro- 
chloric acid into the hydrocarbon and mercuric chloride. Heated" with 
jihosphorous trichloride at 230° C, it yields ni-xylylmei*enrie chloride and 
m-xylyldichlorophosphine, whilst arsenic trichloride gi^*cs m-xylyl- 
dichloro- arsine.® 

Mercury di-p-xylylis formed under similar couditious to the ortho- 
eompomid. It crystallises in prisms, M.pt. 123° C., and undergoes the 
same reactions as the meta derivative. 

Higher Benzene Homologues. 

Mercury dimesityl forms glistening silver needles, M.pt. 230° C'.. 
fairly soluble in benzene, less soluble in alcohol. Yield small.’ 

Mercury dipseudocumyl occurs as white prisms, M.pt. 139° (1., 
and is less soluble in alcohol than the mesityl compound and not de- 
composed on prolonged heating with concentrated hydrochloric acid. 
It may be prepared in the usual way, using 1-5 per cent, amalgam.® 

Mercury dipentamethylphenyl, (C6Mc5)2Hg, has been isolated 
from the interaction of sodium amalgam, bromopentamethyl benzene, 
and chloroformic ester, as small prisms, M.pt. 266° C. It distils at higher 

^ Hein, Wagler, and Better, Her., 1925, 58, [BJ, 1507. 

2 Purvis and M'Cleland, Trans, Chew. 80 c., 1912, loi, 1514. 

“ Jones and Werner, J. Amer. Chem. 80 c., 1918, 40, 1257. 

^ Kharasch, J. Arner. Ghem. 80 c., 1921, 43, 2238. 

" Jacobson, Her., 1884, 17, 2372. 

® WeUer, Ber„ 1887, 20, 1718 ; Michaelis, Aiinalen, 1902, 320, 330. 

• Michaeliii, Her., 189.'>, 28, .588. 

® Mlch.aelis, ibid. 
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terapcr.atnres with partial decomposition and is easily sohible in hot 
x’yleiic, less soluble in ether, and insoluble in alcohol.^ 

Mercury dicumyl yields white needles. lM.pt. U.. soluble in 

alcohol, ether, ehlorolbrm, benzene, or xylene, it has a eliaraeteristie 
smell and is easily decom])osed when heated \vith hydrochloric acid.* 

Cyciohexyi Compounds.^ 

Mercury dicyclohexyl. — This compound proved more difficult to 
isolate than the phenyl derivative, but has been obtained by the action of 
mereurie bromide on a large excess of magnesium cyciohexyi bromide. 
It is much less stable than mercury diphenyl, decomposing even in a few 
hours to a black oil wffien kept over phosphorus pentoxide in the dark in 
a vacuum desiccator. Mercury dicyclohexyl forms white, hard grannies, 
M.pt. 7S’^ to 79° C., which are more soluble than mercury diphenyl, and 
combines directly with mercuric halides or cyanide in any solvent 
to form cyciohexylmercuric salts. It has also been prepared by the 
sodium amalgam method, when it is said to form white needles, M.pt. 
189° C., wliich can be sublimed in small quantities in vacuo 

Mercury di~4~methylcyclohexyl is a colourless liquid, density 
1--159 at 21° C., and cannot be distilled without decomposition. 

Diphenyl Derivatives.® 

Mercury bis -diphenyl, (C 6 H 5 .CgH 4 ) 2 Hg. — Treatment of m-bromo- 
diphcnyl with sodium amalgam in the usual way gives a yield of 10 per 
cent, of the abo\’e product. It crystallises from benzene in small scales, 
which melt at about 216° C. and are almost insoluble in the usual 
solvents. Concentrated hydrochloric acid on prolonged boiling docs not 
decompose the compound, and its halogen derivatives are only formed 
when it is heated in sealed tubes with mercuric halides. They are white 
crystalline powdcrs% melting above 325° C. 

Dimercury bis-diphenyl. — Hg(C. 6 H 4 — CgH 4 ) 2 Hg is the formula 
gi\’en to a body obtained when the above bromo diphenyl is replaced 
by dibromodiphenyl. Its composition appears to be doubtful. 

Naphthyl Derivatives. 

Mercury di-a-naphthyi,{CioH 7 ) 2 Hg.*^ — Bromonaphthalene is mixed 
with several times its volume of hydrocarbons, B.pt. 120° to 140° C., one- 
tenth of its volume of ethyl acetate, and the whole treated with a slight 
cxce.s.s of 4 per cent, sodium amalgam. After boiling for eighteen hours 
the mixture is filtered hot, mercury dinaphthjd appearing in white, 
glistening, microscopic, rhombic columns on cooling. It has been more 
recently prepared by treating a-naphthylmercuric bromide in pyridine 
solution with copper.’ The crystals, which melt at 243° €., are easily 
soluble in hot carbon bisulphide or chloroform, and may be reprecipi- 

^ .Tacobson, Ber., 1889, 22. 1215. 

2 Mlchaells, Ber., 1895, 28, 588; Schiff, ibid., 1877, lo, 1745. 

“ Griittner, Ber., 1914, 47> 1651. 

* Tiffeneau and Gannag^, Bull. Sci. Pharviacol., 1-921, 28, 7. 

« Otto and Moiles, Annahn, 1868, 147, 164 ; Otto, .Atinulen, 1870, 154, 188. 

’ Hein, Wagler, and Rotter, Ber.. 1925, 58, [B], 1507. 
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tated by alcohol or ether, also slightly soluble in beii:^eiic, insoluble ht 
water. 

When heated with concentrated halogen acids, naphthalene, nierc-inw. 
and lialogen halides are formed, but 15 per cent, aqueous hydrocyanic 
acid has no effect, even on prolonged heating. Dilute nitric acid dccoin-' 
poses mercury di-a-naphthyl, forming naphthalene, and fuming nitiic tieid 
gives nitronaphthalenes. Concentrated sulphuric acid yields mercuric 
sulphate and naphthalene sulphanic acid, whilst glacial acetic acid gives 
a*naphthylniercuric acetate and naphthalene . A solution of mercury di-a- 
naphthyl in acetone %vhcii boiled with inercimc chloride is converted 
to a-naphthylmercuric chloride.^ Mercuric iodide when heated for one 
hour with mercury di-a-naphthyl in a sealed tube at 150"^ C. in alcoholic- 
solution gives a-naphthylmercurie iodide. Blereuric bromide acts in a 
similar manner to tlie chloride wiien the reaction is carried out in alcohol 
in a sealed tube at 120° to 130° C., and bromine also gives naphthyl 
mercuric bromide under the same conditions. Iodine in carbon bisul- 
phide yields the corresponding iodide, provided the halogen is not in 
excess, in the latter case the products are mercuric iodide and a-iodo- 
naphthalene. Arsenic trichloride reacts to form a-naphthyldichloro- 
arsiiie at high temperatures. ^ Nitrogen trioxiclc yields a-naphthyl 
mercuric nitrate and a-naphthyl diaxonium nitmte, but nita-ogen tetr- 
oxide yields no nitrate or diazonium compound. The following sub- 
stances gave no product with mercury di-a-naphthyl ; vine, copper, or 
tin, the reaction being carried out in carbon disulphide ; eth)*l iodide .- 
alcoholic hydrogen sulphide ; sodium amalgam, the reaction being con- 
ducted in alcoholic solution. 

Mercury di -jS -naphthyl. ^ — ^■^Bromonaphthaleiic in about three 
times its weight of dry xylene is treated with 5 per cent, of its weight of 
pure ethyl acetate and a large excess of pasty .sodium amalgam. " The 
mixture is gently boiled for thirty hours^ cooled, and a large cxc-c'ss of 
benzene added. After again boiling, the whole is filtered, when 
mercury di- /3-naphthyl crj^stallises out in glittering scales, M.pt. 238° (,'. 
Yield 30 to 35 per cent. The crystals arc moderately soluble in boiling 
hydrocarbons, very slightly soluble in alcohol and ether, and insoluble? 
in water. The compound is completely decomposed when warmed 
with concentrated mineral acids, forming inerc-nric salts and substituted 
naphthalenes. When distilled over soda lime it \ields /S/S-clinaphthyl. 
When boiled for one hour with seven parts of arse'nious chloride it gives 
jS-iiaphthylarsenious chloride.'^ 

Thiophene Compounds. 

Mercury 2 : 2' -dithienyl 



S 



-Hg- 



■\y 

s 



This derivative has been prepared in several ways. 

1 Steinkopf, Annakn, 1917, 413, 310. 

^ 1878, II, 1503 ; Michaelis and Schultze, ibid., 1882, 15, 1954. 

3 Michaelis, Ber., 1894, 27, 244; Chattaway, Trana. Chem. Boc., 1894, 6s 877 
* Michaelis, Annakn, 1902, 320, 342. 

5 Steinkopf and Bauermelster, Annakn, 1914, 403, 61. 
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1. Ten grams of 2-chIoromcrcnri thiophene (p. 07) in 150 c.c. of hot 
xylene arc treated ^vith 2 grams of sodium anci .shaken for thirty minutes, 
then heated to boiling and filtered. From the filtrate 2-8 grams of 
mereiiry dithienyl arc obtained ou cooling. 

2. When 2-ehlommerenri thiophene or iodide in aeetone is treated 
\vith sodium iodide in the same solvent mereiiry dithienyl re.siilts.^ 

3. Mercury dithienyl may also be obtained in 90 ]ier eent. yield by 
the reduction of 2-chloroinereuri thiophene in pyridine-sodium hydroxide 
solution by means of stannous chloride.- 

Mei-cury 2 : 2 '-dithienyl crystallises from benzene in puie white 
crystals, M.pt. 198° to 199° C,. iasolnble in water, slightly soluble in hot 
alcohol, readily soluble in benzene or ivaiui chlorofonn. When its 
acetone solution is ti*catcd with mercuric halides the eorre^spouding 
2-lialidemcrcuii thiophenes are obtained. It reacts readily M'ith arsenic 
trichloride, yickliiig trithicnyl arsine, dithien}ichloroai‘sine, and thicnyl- 
diehloroai'sinc. 

Mercury 5 : 5'-dlchloro-2 ; 2'-dithienyl, 



II II 

s s 

is formed when an acetone solution of sodium iodide is added to 
2-chloromercuri 5-iodotliiophcnc in the same solvent. It crystallises 
from alcohol in gli.stening silver crystals, M.pt. 155° C., soluble in acetone 
or ethyl acetate, in warm benzene or chloroform, and with dilFicnlty in 
ligToin. 

The corresponding 5 ; 5^ -dibroino-compowid forms white, matted 
crystals from benzene, M.pt. 183° C. It readily dissolves in warm 
benzene or chloroform, but is not very soluble in alcohol. 

The 5 : 5^ -di-iodo-derivative crystallises from a lai-gc bulk of hot 
xylene, in bright yellow needles. 244° to 245° C,, only slightly .soluble in 
the usual solvents. 

Mercury 5 : 5' -dimethyl -2 : 2' -dithienyl crystallises from alcohol 
in white needles, melting at 192° to 102-5° C.® 

Mercury 5 : 5'-di-n-propyl-2 : 2' -dithienyl yields silvery crystals, 
melting at 57° to 58° C. It is formed from 5-ehloroniercari-2-n-propyl- 
thiophene by the action of a little more than 2 molecules of sodium 
iodide in acetone solution. The oorrcspondhig di-iaoamijl compound 
forms shining cry.stals from alcohol, melting, not very sharply, at 55° to 
57° C. 

Mercury 5 : 5' -dibenzyl-2 : 2' -dithienyl. — Four grams of 3- 
chloromercuri-2-benzylthiophcnc in 250 c.c. of aeetone are mixed with 
1-7 grams (2 mols.=l-62 grains) of sodium thiocyanate hi 30 c.c. of 
acetone. The addition of sodium chloride solution precipitates the 
body (2-3 grams). It is digested with water, dried, and recry.stalliscd 
from xylene. It melts at 209° to 210° C., previously sintering ; is easily 
soluble in hot toluene, xylene, or pyridine, sparingly in warm benzene 
and insoluble in alcohol, acetone, or ethyl acetate. 

^ Stelnkopf, Annalen, 1917, 413, 310. 

- Steinkopf, ibid., 1923, 430, 71. 

3 Steinkopf,!46fcZ., 1921, 424, 40. 
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Mercury 3:4:3^: 4' -tetramethyl-2 : 2'-clithienyl, 



Mei 'iMc 



\y' 

s 



Afer 



-Hg- 



Mc 



■\/ 

S 



is obtained from 2*iodomcrcuri-3 : 4-diraethylthiophene in the usual way . 
It melts at 155° to 150° C. and has similar solubilities to the above 
compounds. 

Mercury 3 ; 5 3' : 5^-tetramethyI-2 ; 2'-dithienyl crystallises 
from alcohol m silvery plates, M.pt. 160° to 161° C. 

Mercury 2.5:2': 5'-tetramethyl-3 : 3'*dithienyl, 



-Hg- 



S 



Ud 'Me 



S 



In order to prepare this derivative, sodium is added to a boiling solution 
of 3-chloromercuri-2 : 5-dimethylthiophene in xylene and the solution 
filtered wliilst hot. The product obtained on cooling is fractionally 
crystallised from benzene to remove any unchanged starting product. 
The dithienyl melts at 144° to 145° C. 

Mercury 2:5:2': 5'-tetraphenyl-'3 : 3'”dithienyl is deposited 
in prismatic needles from xylene, M.pt. 260° to 201° C. 

Mercury "5 : 5'”dichloromercuri-2 : 2' -dithienyl, ^ 



ClW 



s 



-Hg- 



\/ 

S 



HgCl 



may be prepared as follows : — 

Ten grams of 2 : 5-dichloromercuri thiophene in 50 grains of pyridine 
are heated in an oil-bath. At 70° to 75° C. a flocculent precipitate 
separates out, and the temperature is raised to 100° C. and maintained 
for thirty minutes. The product is not quite white, is insoluble in 
pyridine and the usual solvents, and remains unmelted at 325° C. 

A second method of preparation consists in suspending dimercury 
2 : 2' : 5 : 5'-dithienylene in pyridine and treating with inercnric chloiide 
in the same solvent. Yield 35 per cent. 

Dimercury 2 : 2' : 5 : 5'-dithienylene, 

CH=C ^Hg C=CH 

I > < I 

CH=C Hg C =CH 

is obtained when 1 gram of 2 : 5-dichloromercuri thiophene in 100 c.c. of 
pyridine is treated with 0-75 gram (2 mols.) of sodium iodide in 80 c.c. 
of pyridine, A yield of 0-37 gram (72 per cent,) of substance is 
obtained. When 4 mols. of sodium iodide are used only a 50 per cent, 
yield is obtained, and with 2 mols. of sodium thiocyanate only a 24-5 



^ Steinkopf, Bielenberg, and Jensen, Annalen, 1923, 430, 71, 




MEECUEY. 



85 



per cent, yield. The body is halogenTree, iion-crystalline, and in- 
soluble in pyridine and all the usual solvents. It does not melt at 
330^ C. 

Dimercury 3 : 3' (or 4')-diethyl-2 : 2 ' : 5 : 5'-dithienylene, 



CEt— C Hg C-CII CEt=-C ilg C-^CEt 

)>s s/ I ™ j \s s/ 

CH r-C- — Hg — -C-CEt ■ CH =C- — ^Hg — -C^CH 

2 .‘5-DichIoroinercuri*3-ethylthiophcne (2-7 5 grams ) is dis.soh'ed in 275 c.c. 
of pyridine, and with rapid stirring, 3-1 grams (4 mols.) of sodium 
iodide in 300 c.c. of pyridine added, the stirring being maintained for 
five and a half hours. Y'ield 1-43 grams, that is 97 per cent. The 
product is a }^ellow powder, blackening at 250° C. and decomposing at 
300° to 315° C., and is insoluble in the usual solvents. When treated 
with 2 mols. of mercuric chloride in pyridine solution at 35° to 45° C. it is 
converted into 2 : 5-dichloromercuri-3-ethylthiophene.^ 

Dimercury 3:4:3': 4'-tetramethyl-2 : 2' : 5 : 5'-dithienylene, 



CMe=C- 



:Me=C- 



-Hg=CMe 
■S’ S< 



-Hg=CMe 



Three grams of 2:5 dicbloromercuri-3 : 4-diinethyltliiophene and 3*3 
grams (4 mols.) of sodium iodide in 300 c.c. of pyridine are stiired for 
two hours. The precipitate is insoluble in all solvents and blackens at 
810° C. Yield 1-53 grams (96 per cent.). 



Compounds of the Type RHgRC 

Mercury ethyl phenyl. ^ — Phenyl magnesium bromide (23 grams) 
in absolute ether is treated with ethyl mercuric chloride (9*5 grams) in 
small portions. After boiling gently, the mixture is allowed to stand 
for one hour, and then decomposed with 1 per cent, sulphuric acid. 
The ethereal solution is separated, dried, and evaporated at 40° C, in 
vacuo, when the compound is obtained as an oil. It is fairly soluble in 
organic solvents, and when kept for several months decomposes into 
mercury diethyl and mercury diphenyl. 

Mercury ethyl benzyl is prepared from ethyl magnesium bromide 
and benzylmercuric chloride. It is an oil, decomposing on long keeping 
into mercury diethyl and mercury dibenzyl. When treated with thallic 
chloride it yields thallous chloride, ethylmercuric chloride, benzyl- 
mercuric chloride, and benzaldehyde.® 

Mercury phenyl benzyl. — To 32 grams of phenyl magnesium 
bromide (4 mols.) in dry ether, 10-5 grams of finely powdered benzyl- 
mercuric chloride are added in small portions, and the mixture worked 
up as above. A faint yellow oil is obtained, which is freed from 

1 The use of 4 mols. of mercuric chloride gives the same product. 

® BTilpert and Griittner, Eer., 1915, 48, 906. 

® Goddard, Trans. Chem. 80 c., 1923, 123, 1168. 
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impurity by shaking with five times its volume of cold absolute alcohol, 
and then poured into 200 c.c. of boiling alcohol, and the whole strongly 
cooled. The oil separates out, and is treated several tim^ with alcohol 
as above, and finally dried in nacuo over phosphorus pentoxide at 35° C, 
It is slightly soluble in water or cold alcohol, easily in hot alcohol, 
and miscible with ether, petroleum ether, benzene, and its homologucs. 
At 80° C. it is rapidly decomposed to mercury, dibenzyl, and 
mercury dibenzyl, whilst at ordinary temperatures it slowly changes 
to mercury diphenyl and mercury dibenzyl. With faintly acid or 
neutral solutions of silver nitrate it gives a precipitate immediately, 
the latter containing no halogen, and when the mixture is boiled silver 
separates. 

Mercury o-tolyl benzyl is a colourfess oil, from o*tolyl magnesium 
bromide and benzylmercuric bromide- It absorbs iodine, yielding 
benzyhnercuric iodide, and when heated at 80° C. for several hours it 
decomposes into mercury, dibenzyl, and mercury di*o-tolyl. 

Mercury phenyl thienyl,^ 



/\ 



8 



To 7-4 grams of tlhenyl magnesium bromide in 50 c.c. of ether, 10 grams 
of phenylmercuric chloride are added in small portions, and a lively 
reaction ensues gi^’ing a clear solution. After completion of the re* 
action the mass is" decomposed with 1 per cent, hydroclrloric acid and 
extracted with ether. From the latter solution 7 grams of faint yellow 
product are obtained, which on crystallisation from alcohol gives silver* 
grey plates. Repeated crj^stallisations give crystals, melting at 163° to 
165° C. 

Mercury phenyl-p-tolyl.^ — Kharasch and Marker have recently 
criticised the preparation of these asymmetrical compounds as practised 
b}’ Hilpert and Gruttner, on the grounds that the difficulty of obtaining 
the compounds was due to their use of too large an excess of Grignard 
reagent, and not controlling the temperature sufficiently. Their modi- 
fication of Hilpert and Griittner’s method is illustrated by applying it 
to the prejmration of mercury phenyl *p-tolyl, carried out as follows : 
To two molecular equivalents of phenyl magnesium bromide in dry 
ether, one molecular equivalent of finely powdered p*tolylmercuric 
chloride is added in small portions, with constant shaking. The tempera* 
ture is maintained at 5° C., the shaking continued until all the p*tolyl 
mercuric chloride dissolves, and the mass decomposed with O-l per cent, 
snlplmric acid, the temperature during the latter operation being kept 
below 10° C. The product is extracted wtn ether, the solution dried 
over anlij^drous- sodium sulphate, and the solvent removed in vacuo. 
The residue is then washed five times with alcohol and again dried 
in vacuo. 

This method is used to prepare the derivatives s‘hown in the following 
table, and the results of decomposing them with alcoholic hydrogen 
chloride and alcoholic mercuric chloride are given \ — 

^ Stefiikopf, Anmlen, 1923, 430, 70. 

2 KJiarasch and Martel*, J. Amer. Che^n. Soc., 1926, 48, 3130. 
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Compound. 


Products obtained by Decomposition of the Compounds with 


(1) Alcoholic mercuric chloride. 


( 2 ) Alcoholic hydrogen 
chlonde. 


Mercury methyl phenyl. (Liq.) 
Mercury methyl benzyl. (Liq.) 
Mercury methyl butyl. (Liq.) 
Mercury methyl cyclohexyl. (Liq.) 
Mercury methyl mesityl. (Solid.) 
Mercury ethyl naphthyl. (Liq.) 
Mercury ethyl benzyl. (Liq.) 

Mercury propyl butyl. (Liq.) 
Mercury butyl isoamyl. 

Mercury butyl phenyl. (Liq.) 
Mercury phenyl cyclohexyl. (Solid.) 
Mercury phenyl naphthyl. (Solid.) 
Mercury phenyl o-anisyl. (Solid.) 
Mercury phenyl mesityl. (Solid.) 
Mercury phenyl pdolyl. (Solid.) 


CeHs.HgCl+OHs-Hga. 

CoHs.CH^.Hga+CHa.HgCl. 

C4H9.HgCH-CH3.HgCl. 

CeHii.HgCl+CHg.HgCL 

(CH3) 3. CeHa. HgCH- CH3.Hga. 

CioH,.HgCl+C 3 H 5 .HgCl. 

C6Hs.CH2.Hga+C3H3.HgCl. 

C 3 H 9 .HgCl+C 4 H 9 .HgCl. 

CiHg.HgCl+CsHii.HgCl. 

C4H9.HgCl+03H3.Hga. 

CeHii.HgCl+C^Hs.HgCl. 

CioH,.HgCH-C 4 H 5 .HgCl. 

o-CeH 4 ( 0 CH 3 ).Hga+CeH 5 .HgOl. 

(CH 3 ) 3 .CeH 3 .HgCl+CcH 5 .HgCl. 

CH3.C3H4.HgCl+C3H5.Hga. 


CH3.HgCl. 

C3H3.CH9.HgCl. 

04H9.Hga 

CeH^.HgCl. 

CHj.HgCl. 

CsHg.HgCl+CioHs. 

C6Hs.CH3.HgCl+C2H3. 

HgCl. 

C3H,.HgCH-C4H9.HgCl. 

C^Hs.HgCl-hCsH.i.HgCl. 

C4H9.HgCl. 

C 6 Hi 4 .Hgd. 
CaHj.HgCl+CioHs. 
CgHg.HgCl. } 

CeHs.HgCl. i 

CeHs.Hgd. 



Compounds of the Type RHgX. 

Phenylmercuric Compounds. 

Phenylmercuric chloride, CgHsHgCl. — This substance is obtained 
in several ways : 

1. A 94 per cent, yield may be obtained from mercury diphenyl 
under the following conditions ; 2-5 grams of the latter substance in 
25 c.c. of acetone are treated with 1*95 grams of mercuric chloride in 10 c.c, 
of acetone, when phenylmercuric chloride (3-7 grams) is immediately 
precipitated. A further 0*5 gram may be recovered from the filtrate by 
the addition of water. ^ A similar reaction takes place in alcohol. 

2. A large number of substances react with mercury diphenyl, 
giving phenylmercuric chloride as one of the products of reaction, the 
yield in some cases being very small. The following list gives the most 
important of these reagents ; — 

Dry chlorine gas,^ hypoclilorous acid,^ thallic chloride,® silicon 
tetrachloride,^ stannic chloride,® zirconium tetrachloride,® phosphorus 
trichloride,’ mercurous chloride,® thionyl chloride,® benzene sulphonic 
chloride,^® benzal chloride, phenyl iododichloride.^® 

* Steinkopf, AmiaUn, 1917, 413, 329. 

Dreher and Otto, Annahn, 1870, 154, 93. 

^ Goddard, Trans. CJiem. Soc., 1922, 121, 40. 

* Ladenburg, Annalen, 1874, I73, 152. 

® Aronbelm, Annalen, 1878, 194, 148. 

® Peters, Ber., 1908, 41, 3173. 

’ Schwarze, J, prakt Chem., 1874, 10, [2], 222 ; Mlchaelis and Graeff, Ber,, 1875, 8, 
922 ; Mlchaelis, Annalen, 1876, 181, 290. 

^ Otto, J, prakt. Chem., 1870, i, [2], 179. 

® Heumann and Kdcblin, Ber., 1883, 16, 1625. 

Otto, Ber.f 1885, 18, 246. 

Kekul6 and Pranchimont, Ber., 1872, 5, 906. 

12 WxUgerodt, Ber., 1898, 31, 915. 
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3. From benzene.^ A mixture of 50 grams of mercuric acetate, 
50 c.c. of glacial acetic acid, and 100 c.c. of thiophene*fi‘ee benzene is 
heated in a pressure flask for flve hours at 100° C., then cooled, the 
residue filtered off and washed several times with benzene. The filtrate 
which contains the acetate is evaporated down and treated with alcoholic 
calcium chloride solution, when the chloride is precipitated. This is 
filtered off and washed with hot water to remove any adhering calcium 
chloride. 

4. From benzene sulphinic acid.^ This acid in dilute alcohol is 
treated with an aqueous solution of mercuric chloride and the whole 
heated until the evolution of sulphur dioxide ceases. The solid product 
thus obtained is found to contain small quantities of phenylmercurie 
chloride. 

5. By heating phenyl boric acid with aqueous mercuric chloride 
solution.^ 

6. By heating triphenylstibine with 3 mols. of mercuric chloride, 
when antimony trichloride and 3 mols. of phenylmercurie chloride 
are formed.^ 

7- Pheiiyhnercury 2:4: G-trinitrophenyl is boiled with mercuric 
chloride in* alcoholic solution, phenylmercurie chloride and trinitro- 
phenylmercuric chloride being formed.^ 

Plieindniercuric chloride crystallises from a large quantity of hot 
benzene in satin plates, melting at 250° to 251° C., insoluble in water, 
and only slightly soluble in cold alcohol or benzene. It readily sublimes 
without decomposition on gently heating. 

Treatment with moist silver oxide gives a solution of the correspond* 
iiig hydroxide ; dry silver oxide does not yield an oxide but decomposes 
the chloride with formation of mercury diphenyl, mercuric oxide, and 
silver chloride.® When an acetone solution of phenylmercurie chloride 
is treated wth a similar' solution of sodium iodide, phenylmercurie 
iodide is formed^ Arsenic trichloride heated at 100° C. for four to five 
hours rvith the chloride yields pherryl dichloroarsine.® With pherryl 
iododichloride it yields mercuric chloride and dipheiryl iodorriuiri 
clrloride.^ Ethyl irrercaptan decomposes phenylmercurie chloride at 
150° C., yielding ethyl thio-mereuric chlonde, ClHg.SEt.-^° 

Phenylmercurie bromide may be obtairred from phenyl mag- 
nesium bromide and mercuric bromide in dry ether : by the iirter* 

action of mercury diphenyl and two atoms of bromiire ; if four atoms 
of the halogen are used, bromobenzene aird rrrercuric bromide result 
When mercury diphenyl and mercuric bromide in alcoholic solution are 
heated at 120° C., and when ethylene dibromide and mercury diphenyl 
are heated at 200° C. this bromide is also formed. 

The bromide ciy^stallises in a similar form to the chloride, and melts 

^ Roeder and Blasi, Ber., 1914, 47 , 2751. 

* Peters, Ber„ 1905, 38 , 2567. 

® Michaelis and Becker, Ber., 1882, 15 , 182. 

* Michaelis and Reese, Annalen, 1886, 233 , 49 . 

® Kharasch and Grafain, J. Anm, Chem. 80 c., 1925, 47 , 1948. 

® Otto, J. praU. Chem., 1870, i, [ 2 ], 184. 

’ Steinkopf, Anndkn, 1917, 413 , 329. 

® Roeder and Blasi, loc. cit. 

® WlUgerodt, Ber., 1898, 31 , 915. 

“ Sachs, Ber., 1920, 53 , 1737. 

Hilpert and Gruttner, Ber., 1913, 46 , 1686. 

Dreher and Otto, Annalen, 1870, 154 , 93. 
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at 276'' C.; it resemble.s the ehloiide in its salnbility and ireiicTHl pro- 
perties. An alcoholic solution ol‘ potassium sulphide on prolonged 
boiling with the bromide gives mercury diphenyl^ mereurie sulphide, and 
potassium bromide. 

Phenylmercuric iodide may be obtained as foilowj, : — 

1. From phenylmercuric chloride and sodium iodide, the reaction 
being carried out in acetone. Yield 77-5 per cent.^ 

2. Mercury diphenyl in alcohol or carbon bisulphide i>> treated with 
a .solution of iodine in the same solvent. ^ A similar result is obtained if 
mercuric iodide replaees the iodine and the whole is boiled. 

3. Phenylmercuric cyanide is decomposed by iodine, yielding the 
iodide.^ 

The iodide crystallises in glistening satin plates, melting at 26U'’ t(/ 
266’’ C. The crystals are odourless, not affected by light, insoluble in 
water, very slightly soluble in cold alcohol, ether, benzene, readily 
soluble in chloroform or hot benzene. When heated above its melting- 
point phenylmercuric iodide gives mercuric iodide. 

When an alcoholic or carbon bisulphide solution of the iodide is 
treated with iodine, iodobenzene and mercuric iodide result, but sodium 
iodide does not react with an acetone solution of the iodide.^ Sodium 
amalgam reacts \vith an alcoholic solution of phenylmercuric iodide 
giving mercury, mercury diphenyl, and hydrogen iodide, but if the 
reaction be carried out in dry benzene, mercury, mercury diphenyl, and 
sodium iodide are obtained.® 

Phenylmercuric thiocyanate, CgHsHg.CNS.® — This compound 
was first obtained by heating together equal molecules of mercury 
diphenyl and mercury thiocyanate, and later by treating phenyl- 
mercuric iodide \vith free thiocyanogen in carbon bi.sniphide solution. 
It has more recently been formed by treating phenjd mercuric chloride 
with sodium thiocyanate in acetone solution, or boiling mercury di- 
phenyl with mercury thiocyanate in acetone solution.^ It crj'-stalliscs 
in small, pearly plates, melting at 231° to 232-5° C., insoluble in water, 
soluble in boiling alcohol or benzene.® 

Phenylmercuric cyanide.® — When an equal number of molecules 
of mercury diphenyl and mercuric cyanide in alcoholic solution are 
heated in a sealed tube at 120° C. the cyanide i.s formed. It i>s also 
obtained when the corresponding iodide is treated with silver cyanide. 
From benzene it crystallises in large rhombic plates, melting at 203° to 
20'i° C., somewhat soluble in boiling water, easily in boiling alcohol. 
Heated in a sealed tube at 120° C. with concentrated hydrochloric acid 
it gi ve.s benzene, mercuric chloride, formic acid, and ammonium cliloride ; 
heated with potassium hydroxide it yields mercury, benzene, and 
potassium cyanate. It is decomposed by iodine, with formation of 
phenylmercuric iodide and cyanogen iodide, and by hydrogen sulphide 
yielding benzene, mercuric sulphide, and hydrogen cyanide. 

Phenylmercuric hydroxide. — Solutions of this body arc obtained 

* Steinkopf, Annalen, 1917, 413, 329. 

^ Dreker and Otto, he. cit. 

® Otto, J. prakt. Ckem., 1870, i, [2], 182. 

* Steiiikopf, he. eit. ® Dreker and Otto, he. eil. 

® Otto, J. prakt. GJiem., 1870, i, [2], 182; fcldderback, Annalen., 1919, 419, 266. 

" Steinkopf, Annalen, 1921, 424, 60. 

® For the typ R'.Hg.S.R^ see Sacks, Anncden, 1923, 433, 154. 

** Otto, he, eit. 
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when mercury diphenyl is oxidised by potassium permanganate,^ or when 
the corresponding halides are treated with moist silver oxide. The com- 
ponents are boiled in alcohol, then evaporated in vacuo, when small, 
white rhombic prisms are deposited, sintering at 160° C. and melting 
above 200° C. The crystals are slightly soluble in cold water, more 
soluble in alcohol or benzene. The aqueous solution liberates ammonia 
from its salts, and precipitates alumina from aluminium salts. Treat- 
ment with acids yields the corresponding salts. 

Phenylmercuric nitrate. — Alcoholic .solutions of the chloride on 
long boiling with silver nitrate yield the nitrate in shining, rhombic 
plates, melting at 165° to 168° C. with decomposition, somewhat soluble 
in boiling water, easily soluble in boiling alcohol or benzene. Treat- 
ment with concentrated nitric acid gives benzene and mercuric nitrate. 
Mercury diphenyl when treated with mercuric nitrate or nitrogen 
trioxide or tetroxide also yields phenylmercuric nitrate.^ 

Phenylmercuric carbonate ^ is prepared from the chloride in a 
similar manner to tlie nitrate using silver carbonate. It forms small, 
white needles*, very slightly soluble in boiling water, easily soluble in 
boiling alcohol or benzene. When heated it melts witli decomposition, 
and vith strong acids gives carbon dioxide and the corresponding salts. 

Phenylmercuric formate.'^ — When mercury diphenyl and formic 
acid are boiled for a short time, then poured into water, the formate is 
precipitated. It crystallises from hot formic acid in glistening plates, 
M.pt. 171° C. 

Phenylmercuric acetate maybe prepared as follows : — 

1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and 
20 c.c. of 95 per cent, alcohol are heated at 100° C. for five hours, A 
yellow precipitate forms during this time which is dissolved b)'- the 
addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol 
are now added and the heating continued for a further fifty hours. 
The solution is then filtered, evaporated to dryness, and the residue re- 
crystallised from 95 per cent, alcohol. Yield 12*6 grams (80 per cent.).^ 

2. By boiling a mixture of inercur)'' diphenyl and glacial acetic acid, 

3. By heating mercury diphenyl and mercuric acetate in alcoholic 
solution in a sealed tube for one hour at 120° C.® 

4. By heating phenylmercuric iodide and silver acetate for a long time 
in dilute spirit. 

5. By boiling benzene for several hours at 110° C. with dry mercuric 
acetate.’ The acetate crystallises in small, white, odourless, glistening, 
oblique, rhombic prisms, M.pt, 149° C., easily soluble in hot water, 
glacial acetic acid, benzene, or alcohol. 

When heated at 150° C. phenylmercuric acetate gives carbon, 
benzene, mercury, oxygen, and acetic anhydride- Dry distillation 
yields mercury, diphenyl oxide, and acetic anhydride. Distillation with 
sulphur gives mercury, benzene, acetic acid, acetic anhydride, and 
diphenyl sulphide. Boiling with dilute sulphuric or hydrochloric acid 
produces benzene, acetic acid, and a mercuric salt. The acetate is 
reduced by nascent hydrogen to benzene, mercury, and acetic acid, 

^ Otto, J. prakt. Chzm., 1884, [2], 29, 136, 

2 Bamberger, Ber., 1897, 30, 506. ® Otto, loc. cit. 

* Dreher and Otto, Annalen, 1870, 154, 93. 

® Maynard, J. Afiier. Chem. 80 c., 1924, 46, 1511. ® Otto, toe. cit. 

’ Dimroth, Ber., 1898, 31, 2154 ; 1899, 32, 758. 
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Treated with iodine, a warm aqueous solution yields iodobenzene, acetic 
acid, and mercuric iodide. Aqueous or alcoholic hydrogen sulphide gives 
a heavy white precipitate, which turns gray and then black, the result- 
ing solution containing benzene, acetic acid, and mercuric sulphide. 
Heated with yellow ammonium sulphide at 100° to 110° C. in sealed 
tubes gives a similar result to the preceding. Heating with arsenic 
trichloride for lour to live hours at 100° C., gives phenyldichloroarsine.^ 

Reduction by alkaline .sodium stannite gives meroirjr diphenvl in 
03-6 per cent, yield.^ 

Phenylmercuric propionate, prepared in the same way as the 
formate, forms matted crystals, sintering at 145° C, and melting at 165° 
to 166° C- It may be recrystallised from water, and is also soluble in 
alcohol or benzene. 

Phenylmercuric myristate.^ — Equal numbers of molecules of 
m 3 '‘ristic acid and mercury diphenyl are heated together in alcoholic 
solution in a sealed tube at 120° C. Small, fatty, rhombic scales are ob- 
tained, insoluble in water, soluble in boiling alcohol or benzene, and 
when boiled with hydrochloric acid they are decomposed into benzene, 
myristic acid, and mercuric chloride. 

Phenylmercuric sulphide. — Phenylmercuric acietate is dissolved 
in ammonium hydro3iide — ammonium acetate solution, and treated with 
hydrogen sulphide or an alkali sulphide, when phenylmercuric sulphide 
is precipitated as a white amorphous powder. It is insoluble in water 
or alcohol but dissolves in chloroform, this solution soon decomposing. 
Hydrochloric add liberates hydrogen sulphide, and continued boiling 
with alcohol gives mercuric sulphide and mercury diphenyl. Heated , 
to 108 ° C. the compound blackens and decomposes. 

Phenylmercuric thiocarbonate, (C 6 HgHg) 2 CS 3 . — When the above 
sulphide is dissolved in cold carbon bisulphide the solution first deposits 
silky needles, and afterwards a yellow product wliich is only slightly 
soluble in carbon bisulpliide. This substance is the thiocarbonate, 
which is insoluble in water or alcohol, slightly soluble in ether or benzene, 
more soluble in chloroform, and forms a clear solution in hot fuming 
hydrochloric acid. At 108° C. it blackens, mercuric sulphide Ijeing 
deposited and carbon disulphide evolved. It is rapidly decomposed 
when heated with benzene, \vith the production of mercury diphenyl and 
mercuric sulphide. 

Phenylmercuric thiosulphate.® — Two molecules of phenylnier- 
curic acetate in ammonium hydroxide — ammonium acetate solution are 
treated with one molecule of sodium thiosulphate, when a white pre- 
cipitate is obtained, insoluble in ordinary solvents but dissolving in 
concentrated hydrochloric acid, with evolution of sulphur dioxide and 
deposition of sulphur. This thiosulphate readily dissolves in aqueous 
sodium thiosulphate, the solution giving mercury diphenyl on standing. 
The compound is not decomposed when heated to 200° C. 

Compounds of Di(phenylmercuri) -amine, (CgH5Hg)2NH.® 

Pesci has shown that phenylmercuric salts react with ammonia to 
form salts of {CgH 5 Hg) 2 NH— , these compounds yielding ammonia 

^ Boeder and Blasi, Ber., 1914, 47, 2752. 

* Maynard, J. Amer. Ghem. Soc., 1924, 46, 1611 ; Dimroth, Ber,, 1902, 35, 2S53. 

3 Otto, J. prakt. Chem., 1870, i, [2], 185. 

* Pesef Gazgetta, 1899, 29, t. 394. ® Pesci, ibid. ® Pesci, ibid., 1909, 39, 1. 147. 
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when decomposed, but no lij'^droxide when treated with alkalies or sih'er 
hj'droxide. 

Phenylmercuriamine acetate, (CgH5lIg)2NH.2.0.C0.CH3. — This 
compound separates out when phenylmercunc acetate is dissolved 
in ammonium hydroxide. It crystallises from methyl alcohol in 
needles, melting at 179° C., readily soluble in alcohol, sparingly soluble in 
water. Excess of concentrated sodium thiosulphate or refluxing with 
alcoholic carbon bisulphide gives mercury diphenyl. 

The nitrate is formed when ammonium nitrate is added to the above 
ammoniacal solution of phenylmercunc acetate- It forms brilliant 
scales from alcohol, melting at 230° to 235° C. with decomposition. 

The sulphate is ]>recipitated by sodium sulphate and is an infusible 
precipitate, forming a compound wth ammonium sulphate, 

[(C6H5Hg)2NH2l2SO,.(NH,)2SO, 

w’hich crystallises in rectangular tablets. 

The chloride^ prepared from phenylmercuric chloride, crystallises in 
microscopic prisms, melting at 184° C. with decomposition. 

Tetra (phenylmercuri) thiourea, (CsH5TIg)4N2CS. — The above 
acetate treated with thiourea gives this derivative and ammonium 
acetate. It is insoluble in the usual solvents and darkens at 104° to 
105° C. , When boiled with alcohol it decomposes, giving mercuric 
sulphide, mercury diphenyl, and phenylmercuri cyananiide, 

(C6H3Hg)4N2CS=HgS+(C6li5)2Hg+(CeH5Hg)2N-CN 

Phenylmercuri cyanamide, formed as shown above, is a white 
amorphous powder which decomposes when heated. It is decomposed 
by cold dilute hydrodiloric acid into phenylmercunc chloride and 
cyanamide. 



Tolylmercuric Compounds. 

o-Tolylmercuric chloride may be prepared by treating o-tolyl 
boric add with mercuric chloride,^ or by separating it from the para 
compound formed when toluene is mercurated by mercuric acetate after 
treating the mixture with sodium chloride.^ It crystallises from 
alcohol in white crystals, M.pt. 146° C.^ 

o “Tolylmercuric bromide.'^ — To a solution of 28 grams of o*tolyl 
magnesium bromide in 100 grams of ether, 58 grams of mercuric bromide 
arc added, the mixture shaken for one hour, boiled for two houis, and 
then allowed to stand over-night. It is then worked up in the usual way, 
when 42 grams (78 per cent, yield) of the bromide are obtained. From 
xylene or alcohol it forms hair-fine needles, M.pt. 168° C., easily soluble 
in pyridine or aniline and reprecipitated hy the addition of petroleum 
ether. It is only slightly soluble in cold alcohol, ether, benzene, chloro- 
form, or acetone, but readily soluble in hot benzene or its homologues. 
The crystals are not affected by light.- 

o -Tolylmercuric iodide. — When the above bromide is boiled with 
alcoholic potassium iodide in slight excess, a quantitative yield of the 

' Mlchaelis, Ber., 1894, 27, 244. 

s Dlmroth, Ber., 1899, 32, 758. 

Coffey, Trans. Chem. Soc., 1925, 127, 1029. 

* Hilpertand Gruttner, Ber., 1915, 48, 906. 
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iodide is obtained. It crystallises in prisms from alcohol, meltincr at 
] 76° to 177-5° C., and has a similar solubility to the bromide. 

o-Tolylmercuric sulphide. — When hydrogen sulphide is passed 
into a pyridine -ether solution of the above iodide at —10° C., the pale 
yellow sulphide is precipitated. In the presence of moisture it soon 
decomposes and blackens, mercuric sulphide separating out. 

o-Tolylmercuric nitrate is formed when mercury di-o-tolvl is 
treated with nitrogen tri oxide or tetroxide.^ 

m-Tolylmercuric chloride ^ is readily obtained from m-tolyl 
boric acid, as in case of the ortho compound ; “ from tri-m-tolylstibinc 
mercurichloride by boiling with alcohol ; ^ and by heating an alcoholic 
solution of mercury di-m-tolyl with mercuric chloride. 

It crystallises in white needles, melting at 159° to 160° C., easily 
soluble in chloroform or benzene, with difficulty in alcohol, and it sub- 
limes without decomposition. 

The kromide is prepared in the same way as the chloride ; it crystal- 
lises from alcohol in white needles, M.pt. 183° to 184° C. 

The iodide forms white pearly plates, M.pt. 161° to 16*2° C. ; the 
acetate, white shining needles from water, M.pt. 83° to 84° C. ; the 
formate, large needles, M.pt. 106° C» ; the propionate, white needles, 
M.pt. 102° C., insoluble in cold water, easily soluble in alcohol, 

p-Tolylmercuric chloride, — This derivative is prepared as 
follows : — 

1. A mixture of 300 c.c. of water and 100 grams of powdered mercuric 
chloride is heated in a 2-litre beaker, and a solution of 80 grams of 
sodium p-tohiene sulphinate in 200 c.c. of boiling water carefully added 
to the hot solution. A heavy white precipitate is thrown down and 
sulphur dioxide is evolved. When the frothing ceases, 200 c.c. of water 
are added, and the mixture boiled, with occasional stirring, until the 
evolution of sulphur dioxide slackens . A further 200 c.c . of water are now 
added and boiling continued until no more sulphur dioxide is given off. 
The mixture is filtered, and washed with water until the washings give 
no precipitate with sodium hydroxide, the residue then being dried at 
110° C. Yield 65 per cent.® 

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu- 
tion of sulphur dioxide ceases.® 

3. Heating p-tolyl sulphonyl chloride with mercury diphenyl for 
fifteen hours at 120° C.’ 

4. By heating mercuric chloride and mercury di-p-tolyl in alcoholic 
solution in a sealed tube at 160° C.® 

5. From p-tolyl boric add in the usual way.® 

6. By separation of the ortho and para isomers formed in the direct 
mercuration of toluene by mercuric acetate, after treating with soclhim 
chloride.^® 

1 Kunz, Ber., 1898, 31, 1528. 

3 Michaelis, Ber., 1895, 28, 688. 

3 Elhotitisky and Melamed, Ber., 1909, 42, 8094. 

* MidiaeKs and Genzken, Annalen, 1887, 242, 176. 

® Whitmore, Hamilton, and Thurman, J, Atner. Ohem. Soc,., 1923, 45. 1066. 

6 Peters, Ber., 1905, 38, 2569. 

’ Otto, Ber., 1885, 18, 246. 

8 Otto, J. prakt. Chem., 1870, I, [2], 185. 

9 MIchaeUs and Becker, Ber., 1882, 15, 185. 

1® Dlmroth, Ber., 1899, 32, 758 ; cf. Coffey, Tram. Chem. 80 c., 1925, 127, 1029, 
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The chloride crystallises in shining scales, melting at 232° to 233° C, ; 
it is insoluble in water, soluble with difficulty in hot alcohol and easily 
in boiling benzene. Its solution in acetone when treated \vith sodium 
iodide yields p-tolylmereuric iodide, but no mercury di-p-tolyl is formed.^ 
p-Tolylmercuric bromide. — From 28 grams of p*tolyl magnesimn 
bromide and 58 grams of mercuric bromide a yield of 44- grams of p~ 
tolylmercuric bromide is obtained.^ The yield is not so good when 
mercuric chloride is used in place of the bromide.® 

The bromide crystallises in fine needles from benzene, melting at 
234° to 235° C. It is sparingly soluble in the usual organic solvents. 
It reacts with phosplienyl chloride in two to three hours at 270° C. in 
dry carbon dioxide to form phenyl -p-tolyl chi orophosphine. 

p “Tolylmercuric iodide. — This derivative may be prepared from 
the chloride as shown above, or from the bromide by boiling with 
potassium iodide in alcoholic solution for two hours. Its melting-point 
has been given as 213° to 214° C. and 217° C. ; it is sparingly soluble in 
organic solvents.'^ 

p “Tolylmercuric carbonate is a crystalline powder, decomposing 
above 260° C. 

p “Tolylmercuric mercaptan is a yellow, insoluble product pre- 
pared from the above carbonate and carbon disulphide. 

p “Tolylmercuric nitrate is prepared similarly to the ortho com- 
pound from mercury di-p-tolyl and tri oxide ortetroxide of nitrogen.® 
p “Tolylmercuric acetate. — The methods of preparation of this 
derivative, as also of the preceding one, are similar to those for the phenyl 
compound. It forms rhombic prisms from alcohol and benzene, M.pt. 
153° C. It is less soluble in the usual solvents than the phenyl 
compound. 

p “Tolylmercuric “2 : 4 ;6-trinitrobenzoate is prepared from the 
hydroxide and the substituted benzoic add in alcoholic solution. It 
melts at 227° C., but when heated in an oil -bath at 220° to 230° C. until 
all effervescence ceases it forms p “tolylmercuric “2 : 4 : 6“trinitrO“ 
phenyl, a pale yellow product, M.pt. 192° C.® 



Benzylmercuric Compounds, 

Benzylmercuric chloride ’ is obtained as follows ; — 

1. To a solution of 23*8 grains of benzyl magnesium chloride in 
100 grams of ether, 46-7 grams {IT mols.) of finely powdered mercuric 
chloride are slowly added with good shaking. Until the reaction is 
finished, the temperature is maintained below 45° C., and the reaction 
mixture then allowed to stand for twenty“four hours. It is then boiled 
briskly for two hours, decomposed by ice and dilute sulphuric acid, 
filtered and washed with water, not exceeding 80° C. The residue is 
then rccrystallised from equal parts of xylene and alcohol. Yield 43 
grams (84 per cent.). 

1 Stelnkopf, Anmkn, 1917 , 413 , 329. 

® Hilpert and Griittner, Ber,, 1915, 48 , 906. 

® Po]^ and Gibson, Trans, Ckem. Soc., 1912, loi, 735. 

^ Steinkopf, loc. cit. ; Hilpert and Griittner, be. cit. 

® Kunz, Ber., 1898, 31 , 1528. 

® Koten and Adams, J. Amer. Chem. Soc., 1924, 46 , 2768. 

’ Hilpert and Griittner, Ber., 1915, 48 , 9lk 
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2. I'rom benzyl boric acid and mercuric chloride.^ 

3. From mercury dibenzyl and an alcoholic solution of mercuric 
chloride. 

The chloride crystallises in white, glistening plates, M.pt. 104° C., and 
decomposes when strongly heated. It reacts with benzyl magnesium 
chloride to form mercury dibenzyl . 2 

The corresponding bromide and iodide may be prepared bv Method 3, 
the former giving plates melting at ■] 19° C., and the latter plates, M.pt, 
117° C.3 

The cyanide is formed when mercury dibenzyl and mercuric cyanide 
in absolute alcoholic solution are heated at 130° C. in a sealed tube. It 
ciystallises in fine, white needles, M.pt. 124° C. 

The acetate results when mercury dibenzyl in alcoholic solution is 
treated with mercuric acetate ; and when silver acetate is added to an 
alcoholic solution of benzyl mercuric chloride. 

It forms long, glistening, white needles, melting at 120° C. 



Compounds from Higher Benzene Homologues. 

m-Xylylm ere uric chloride is obtained, along with m-xylyldichloro* 
phosphine, when mercury di*m*xylyl is heated at 230° C, with phosphorus 
trichloride.^ 

Mesitylmercuric chloride occurs as fine needles, melting about 
200° C. ; the bromide melts at 194° C. ; the iodide yields fine, colourless 
needles, melting about 178° C.® 

Pseudocumylmercuric chloride yields small needles, M.pt. 201° C.; 
the bromide is a white micro*crystalline powder, M.pt. 2il° C. ; the iodide, 
formed by heating mercury dipseudocumyl \vith excess of mercuric 
iodide in a sealed tube at 130° to 140° C. in alcoholic solution, crystallises 
as white glistening needles, M.pt. 196° to 197° C, 

Cumylmercuric chloride (glistening needles, M.pt. 156° C.); 
bromide. (M.pt. 163° C.) ; and iodide (M.pt. 169° C.)® are also knowm. 

Gyclohexyl Compounds.’ 

Cyclohexylmercuric chloride is formed by the action of 
mercuric chloride on mercury dicyclohexyl in any solvent, and all the 
following salts may be prepared in a similar manner. The chloride 
crystallises in plates of brilliant lustre, M.pt. 163° to 164° C., and may be 
converted to the iodide by warming its solutions ’with potassium iodide. 

The bromide crystallises from benzene in white leaflets, M.pt, 153° C., 
100 grams of benzene dissolving 3-33 grams of bromide at 29° C. It is 
insoluble in water, more soluble in ether or benzene, very soluble in 
amines or pyridine. It is sensitive to light,® 

1 Khotinsky and Melamed, Ren, 1909, 42, 3095. 

* Jones and Wemer, J. Amer. Ghem. 8oc„ 1918, 40, 1257. 

3 Wolff, Ren, 1913, 46, 64. 

* WeUer, Ren, 1887, 20, 1718. 

® Michaelis, Ren, 1895, 28, 588. 

® Michaells, ibid. ; Scliiff, Ren, 1877, 10, 1745. 

’ Griittner, Ren, 1914, 47, 1651 ; Tiffeiieau and Gannag6, BuU. Sci. Pharmacol., 1921, 
28, 7. 

* Tiffeneau and Gajinag6 give chloride, M.pt. 169° C. 5 bromide, M.pt. J41° C . ; 
Iodide, M.pt, 142° a 
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Tlie iodide may be obtained from the chloride or bromide by the 
action of potassium iodide, or by treating cyclohexyl iodide with sodium 
amalgam.^ It has a similar solubility to the bromide, is sensitive to 
light, and crystallises in plates, M.pt. 143° C. 

Treatment of the above halides with silver oxide yields the hydroxide, 
a strong base, which decomposes when heated. 

The sulphide is a pure white powder, deposited when a rapid stream 
of hydrogen sulphide is passed into a pyridine solution of the bromide 
at —10° C. If left in a moist state it soon decomposes. 

The cyanide crystallises from alcohol in sparkling leaflets, melting at 
144° C., and is sensitive to light. 

4-'MethylcyclohexyImercuric chloride forms spangles, sub- 
liming at 163° C.; the bromide has M.pt, 142° C., iodide, M.pt, 176° C., 
cyanide, M.pt. 300° C., and hydroxide, M.pt. 110° to 115° C.^ arc also 
known. 

Naphthyl Compounds. 

a-Naphthylmercuric chloride is prepared by boiling an acetone 
or alcoholic solution of mercury di-a-naphthyl with mercuric chloride, 
filtering, and precipitating the chloride with water.^ It crystallises in 
quadratic plates, M.pt. 188° to 189° C., and its acetone solution with 
sodium iodide yields the corresponding iodide. It is moderately soluble 
in alcohol or benzene, but insoluble in water.'^ 

a-Naphthylmercuric bromide maj'- be prepared from mercury di- 
a-naphthyl either by the action of bromine, or hy heating it with mer- 
curic bromide in alcoholic solution for one hour at 120° to 130° C,° 
Naphthyl magn^ium bromide and mercuric bromide give the same 
product.® The compound crystallises in glistening needles or plates, 
M.pt. 202° C., insoluble in water, easily soluble in alcohol, chloroform, 
benzene, or carbon bisulphide. 

a-Naphthylmercuric iodide crystallises in rhombic columns, 
M.pt. 185*5° to 186° C., and is obtained from the chloride as described 
above, or from mercury di-a-naphtliyl by the action of iodine in carbon 
bisulphide solution. It is insoluble in water, slightly soluble in cold 
alcohol or ether, easily soluble in hot alcohol, chloroform, benzene, or 
carbon bisulphide. \^en strongly heated it decomposes with separa- 
tion of carbon, and heated with soda lime yields mercuric oxide, iodine, 
and naphthalene. Its alcoholic solution treated with sodium amalgam 
gives mercury, hydrogen iodide, and mercury di-a-naphthyl.'^ 

a-Naphthylmercuric acetate is prepared as follows : — 

1. Mercury di -a-naphthyl is treated with an excess of glacial acetic 
acid and the mixture heated until complete solution is obtained, then 
the whole poured into water. The precipitate, which contains the 
acetate and naphthalene, is filtered off and washed with water, then 
crystallised from hot alcohol, in which the naphthalene is less soluble 
than the acetate. 

^ Kursanov, Chem, Zmtr., 1899, 11, 477. 

® TIffeneau and Gannag6, BuU. 8ci. Pharmacol., 1921, 28, 7. 

® Steinkopf, Annalen, 1917, 413, 330; gee Matsumiya, Mem. Coll. Sci. Kyoto, 1925, 
8, 391. 

* Otto, J. praU. Ghem., 1870, [2], i, 185. 

® Otto, AnnaUn, 1870, 154, 188. 

® Hilpert and Griittner, Per, 1913, 46, 1686. 

^ Otto, loc. cii. ; Otto and Morles, Annalen, 1868, 147, 164. 
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2.1 Thirty grams of pure dr\^ mercuric acetate are introduced into 
60 grams of molten naphthalene" the mixture well stirred and heated to 
120° C., this temj^rature being maintained until a clear solution results 
(about twenty minutes). The excess of naphthalene is then removed 
by steam and the dry residue extracted with ligroin, from which the 
product crystallises on cooling. If the reaction product before steam 
distillation is treated with sodium chloride, the chloride is obtained 
instead of the acetate. 

The acetate ciystallises from alcohol in colourless needles, M.pt. 
154° C., which are insoluble in water, slightly soluble in ether, and easily 
soluble in hot glacial acetic acid, alcohol, benzene, chloroform, or carbon 
bisulphide. 

It reacts with hydrochloric or hydriodic acids, giving acetic acid, 
naphthalene, and a mercuric halide j four atoms of iodine react giving 
acetic acid, mercuric iodide, and iodonaphthalene ; sodium amalgam on 
the alcoholic solution yields mercury, acetic acid, and naphthalene ; 
alcoholic hydrogen sulphide or aimnonium sulphide at 100° C. break 
the compound down into acetic acid, mercuric sulphide, and naphtha- 
lene. 

The fomiate is an oil, and the butyrate forms fine, glistening, rhombic 
prisms, melting about 200° C., almost insoluble in cold water, moderately 
soluble in hot water, alcohol, or butyric acid. 

The nitrate is prepared by the interaction of silver nitrate and a- 
naphthyl mercuric chloride in alcoholic solution,^ or from mercury di- 
a-naphthyl and nitrogen trioxide. It crystallises in small white needles. 

The tkiocyajiafe occurs as white plates, soluble in hot alcohol or 
benzene ; the sulphide has only been obtained as a white precipitate. 

Thienyl Compounds. 

2-Chloromercuri thiophene. 



S 

In order to prepare this derivative, 10 parts of thiophene in 100 parts of 
spirit are mixed with 1000 parts of a cold saturated solution of mercuric 
chloride and 200 parts of a 33|- per cent, solution of crystallised sodium 
acetate. In four or five days the precipitate is filtered off and the 
filtrate deposits further crystals. The residue is washed with cold 
water, boiled with spirit, and filtered through a hot-water funnel, the 
chloride crystallising out on cooling.® 

The above method of preparation yields a mono- and a di-mercurated 
thiophene ; the latter is very insoluble in the usual solvents, so that the 
mono-compound is removed by means of hot alcohol.^ 2-Chioromercuri 

1 Dlmroth, Ber.j 1902, 35, 2032. 

^ Otto, J, prakt. Chem., 1870, [2], i, 185. 

3 Volhard, Annalen, 1891, 267, 176 ; Steinkopf and Bauormeister, Annahn, 1914, 
403, 59 ; Knzi, GazzeUa, 1915, 45, ii. 280 ; Steinkopf, Annalen, 1921, 424, 23. 

* From 85 grams of thiophene Steinkopf obtained in sis days 217 grams of mono» 
compound and 18 grams of di-compound, but the author finds that a considerable increase 
In yield may be obtained if the liquors be allowed to stand for six months after the first 
batch of crystals has been removed. It may also be prepared by treating mercury 2 ; 3** 
thienyl in acetone solution with mercuric chloride^ Yield 89-4 per cent. 
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thiophene crystallises in white, silvery plates, M.pt. 183° C., somewhat 
volatile, commencing to sublime above 100° C., subliming rapidly at 
210° C. ; in large quantities this process is accompanied by decompositiou. 
^\hth sodium iodide in acetone solution it yields mercury 2 : 2'-dithienyl 
and the corresponding iodide. With mercuric bromide or iodide the 
corresponding 2*halidemercuri thiophenes are obtained.^ 

When boiled with arsenic trichloride in toluene for six to seven hours 
dithieiiylchloroarsine and thienjddichloroarsine ^ are obtained. 

Thienoncs are formed by heating the chloride with the chlorides 
of the following acids : acetic, benzoic, o-toluic, p*toluic, p-nitrobenzoic. 
The chloromercuri thiophene appears to be a catalyst in these reactions. 

2-Bromomercuri thiophene, obtained from the chloride by action 
of mercuric bromide, crystallises from toluene in glistening plates, M.pt. 
169° to 170° C., somewhat easily soluble in acetone, with difficulty in 
cold alcohol, chloroform, benzeiie, or carbon bisulphide. 

2-Iodomercuri thiophene may be prepared in a similar manner to 
the bromide, or by treating an acetone solution of mercur}* 2 : 2'*dithienyl 
with one molecule of sodium iodide. It ciy^stallises in shining, silvery 
plates, melting at 117° C., insoluble in water, not easily in hot alcohol or 
cold benzene, readily in hot benzene or cold acetone. Since the iodide 
is affected by sunlight, turning red, all the operations in connection with 
its extraction should be carried out in absence of sunlight. It reacts 
with thallic chloride to give thallous chloride and 2-chloromercuri 
thiophene,® 

2*'Thiocyanatomercuri thiophene is obtained from an acetone 
solution of 2*chloromercuri thiophene by treatment with 1 mol. of 
sodium thiocyanate. The niercur)'--'2 : 2'-dithienyl is filtered off and the 
thiocyanate precipitated from the filtmte by w*ater. It crystallises 
from toluene in glistening plates, melting at 179° to 180° C. It is easily 
soluble ill acetone, sparingly in cold alcohol, ethyl acetate, benzene, or 
toluene, insoluble in w*ater. 

2 i 5 Dichloromercuri thiophene is obtained as a by-prodnet in 
the preparation of the monomercnrichloride, or by treating the corre- 
sponding acetate solution with sodium chloride. It is a wMte powder, 
insoluble in all indifferent soh'ents, not easity attacked by acids, even 
concentrated nitric acid, and is unaffected by aqueous alkalies. When 
boiled under reflux with aqueous bromine for one hour it yields a mixture 
of di-, tri-, and tetrabromothiophenes, but warmed with aqueous iodine 
only di-iodothiophene is obtained. 

5 “Chloromercuri -2 “Chlorothiophene, 



ds^yHgCl 

s 

is prepared in the usual waj’^ from 2 *chloro thiophene and mercuric 
chloride in sodium acetate solution. It forms glistening silver plates, 
M.pt. 218° to 219° C., and has the usual solubility. Traces of a di-mer- 
curated compound are also obtained, melting at 278° to 280° C. with 
decomposition, 

^ Stelnkopf, Amutlen, 1917, 413, 310. 

* Stelnkopf, ; Final, Gazzeiia, 1915, 45, ii. 280. 

» Goddard. Tram. Chem. Soe., 1923, 123, 1169. 
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The corresponding bromide forms fine white crystals, M.pt, 101° C., 
from toluene solution, and is obtained by treating an acetone solution of 
mercurj'^ 5 : 5’^-dichloro*2 : 2'~dithieiiyl with mercuric bromide. 

The iodide is formed from the chloride by treatment with sodium 
iodide in acetone solution. It crystallises in white, glistening plates 
which melt at 126° to 126*5° C. with partial decomposition. It is easily 
soluble in ethyl acetate or acetone, somewhat soluble in alcohol, benzene, 
chloroform, or carbon bisulphide in the cold, insoluble in water. It 
tends to split off mercuric iodide when in solution. 

5-Ghloromercuri~2-'bromothiophene yields fine crystals, melting 
at 225° C. It is not very soluble in cold solvents, with the exception of 
acetone. The bromide forms white, matted needles, M.pt. 197° to 
]97-5° C., whilst the iodide crystallises in small white crystals from 
alcohol, M.pt. 119° C., easily soluble in carbon bisulphide, acetone, or 
ethyl acetate, warm benzene, xylene, alcohol, or chloroform. It is 
sensitive to light, becoming pale red. 

5-Chloromercuri~2-iodothiopheneyields slender, matted crystals, 
sintering about 215° C. and melting at 225° C. It is fairly soluble in 
warm benzene or acetone. When heated with acetyl chloride at 80° 
to 90° C. it gives 2*iodo*5-acetothienone, and when refluxed with iodine 
and water for a few minutes until the iodine disappears, 2 .* 5 *di*iodo thio- 
phene is obtained. The bromide , on crystallising from xylene, forms 
matted crystals darkening at 170° C., is somewhat soluble in acetone, 
difficultly soluble in carbon bisulphide, and practically insoluble in 
alcohol or benzene. The iodide is partially decomposed when recr}’stal- 
lised from xylol, and is a faint yellow, micro-crystalline body, M.pt. 141° 
to 142° C. It is moderately soluble in acetone, readil}'^ soluble in warm 
chloroform, benzene, or xylene. 

5 -Chloromercuri~2-carboxyl -thiophene , 



H00d^^lHgCl 

S 

is prepared in the usual manner from thiophene-2-carboxylic acid. It 
occurs in two forms ; (a) soluble in sodium hydroxide and reprecipitated 
by dilute hydrochloric acid as a white, amorphous body, and (b) in- 
soluble in sodium h^^-droxide, but soluble in ammonium hydroxide, and 
reprecipitated by dilute hydrochloric acid. Both compounds melt at 
297° to 298° C., with violent gas evolution. 

5 -Chloromercuri-2 -methyl thiophene. — Cold saturated mercuric 
chloride (220 grams), 44 grams of 33 per cent, sodium acetate and 2-6 
grams of 2-methyl thiophene iil 150 c.c. of alcohol give 8*6 grams of 
product in thirteen hours. ^ It crystallises from alcohol in glistening 
needles, M.pt. 204° C.^ It is insoluble in water or ether, and with 
benzoyl chloride yields phenyl thiotolyl ketone. 

5 -Chloromercuri-2 -phenyl thiophene occurs as white, glistening 
plates, melting at 234° C. and slightly soluble both in alcohol and in 
benzene. 

?-ChlOromercuri -3 -methyl thiophene is prepared from /S-thio- 
toluene in the usual way. A mono- and a di-merenrated compound result. 

^ Rtelnkopf and Bauerlnelster, AnnaUn, 1914, 403, S9. 

2 Volhard gave 197° C. 
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the former crj'stalllsing from alcohol in white, bushy needles, the di‘Com- 
pound being insoluble in the usual organic solvents, and only attacked 
v*ith difficulty by concentrated nitric acid. 

?-Chloromercuri-3 -isopropyl thiophene crystallises from hot 
alcohol in shining, long, white needles, M.pt. 137° C., soluble in ether, 
insoluble in water. A dicJdoro compound is formed at the same time 
as a white granular mass, insoluble in all solvents and very stable towards 
concentrated nitric acid. 

5 “Thiocyanatomercuri •'2 “Chloro thiophene, — The corresponding 
5-ehloromercuri compound (3-5 granrs) in 120 c.c. of acetone is treated 
with 0-S gram (1 mol.) of sodium thiocyanate in 15 c.c. of acetone. 
Yield 2-9 grams. It crystallises from benzene or alcohol in glistening 
sih'cr plates, melting at 187° C. after previously sintering. It is 
readily soluljle in cold acetone, moderately soluble in cold alcohol or 
ethyl acetate, but readih' soluble on warming, sparingly in hot benzene 
or Uhcr. The thioc>*anatc may also be olrtained from mercury 5 : 5'- 
diehloro-2 : 2'-dithieiiyl b}’ the action of mcrcurj^ thiocyanate in acetone 
solution . On the other hand, if 2 mols. of sodium thiocyanate are used in 
the first preparation, mercury 5 : 5'-dichloro-2 ; 2'-di thienyl is isolated.^ 

5-Thiocyanatomercuri-2-bromothiophenecrystallisesfromethyl 
acetate in small, warty aggregates, M.pt. 187° to 188° C., easily soluble 
ill pyridine, sparingly in cold ethyl acetate or alcohol. If two molecules 
of sodium thiocyanate be used, mercurj^ 5 : 5'-dibromo-2 : 2'-dithienyl, 
M.pt. 182° to 183° C,, is formed. 

5-Thiocyanatomercuri-2-'iodothiophene. — It was found im- 
possible to isolate this compound in the pure state using the 5-iodo- 
niercnri derivative, so that the preimration was conducted as follows 
Three grams of mercury 5 : 5’’-di-iodo-2 ; 2'-dithienyl and 1-54 grams of 
mercury thiocyanate in 250 c.c. of acetone were heated to boiling. The 
liquid on filtering deposited IT grams of substance, and a further 2-8 
grams were thrown out by the addition, of water. The product yielded 
crystals from nitroraethane solution, M.pt. 173° C., easily soluble in 
warm acetone or cold pyridine, sparingly in cold nitro me thane or bromo- 
benzene, readily on heating. In alcohol, benzene, or x)dene it is only 
sparingly soluble. 

5-Cfiloromercuri-2-n-propylthiophene. — Amixtureofl93grams 
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of alcohol, and 
3 grams of n-propylthiophene after six days deposits 6-2 grams of crystals. 
Yield 72 per cent. The crystals from benzene melt at 155° C., are easily 
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly in 
warm ether. 

5 -Thiocyanatomercuri-2 -n-propylthiophene is readily obtained 
from the above compound in the usual manner. It crystallises from 
toluene in .silvery plates, M.pt. 169° to 169-5° C., easily soluble in cold 
acetone, fairly soluble in benzene or toluene, sparingly in alcohol. 

5- ChIoromercuri-2 -isoamyl thiophene is obtained in 75 per cent, 
yield after the reaction mixture has stood for four days. It crystallises 
from benzene in fine needles, M.pt. 171-5° to 172° C., readily soluble in 
cold acetone or warm ether, sparingly in other cold solvents. If treated 
wnth sodium iodide it yields mercury 5 5Gdi-isoamyl-2 ; 2' -dithienyl. 

5 - Xhiocyanatomercuri - 2 - isoamylthiophene forms glistening'' 
crystals, M.pt. 199° to 200° C. « 

1 Steinkopf, Annahn, 1921, 424 , 30. 
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5-Chloromercuri~2-'benzylthiophene is obtained in 80 per cent, 
yield in four days. It yields small, snow-white crystals from toluene, 
M.pt. 189° to 191° C,, having the usual solubilities. It does not yield a 
thiocyanato compound, but mercury 5 : 5'-dibenzyl~2 .* 2'-dithienyl is 
formed instead. 

5*'Thiocyanatomercuri-'2“inethylthiophene is deposited as pure 
white, microscopic crystals from ethyl acetate. It decomposes at 202° 
to 204° C., and when crystallised from xylene it is partial!}* decomposed. 
It is readily soluble in pj^ridine or acetone, and the following solvents 
w*hen heated j alcohols, ethyl acetate, or xylene. When 2 mols. of 
sodium thiocyanate are used in the preparation a body melting at 203° 
to 204° C. is isolated. 

5-Bromomercuri-'2-methylthiophene. — To prepare this sub- 
stance mercury 5 : 5'-dimethyl-2 : 2'-dithienyl (1-97 grains) and 1-8 grams 
of mercuric bromide in 100 c.c. of acetone are rapidly brought to the boil, 
then cooled in ice. The bromide is precipitated by the addition of water. 
Iheld 3-5 grams. It crystallises from ethyl acetate in shining, white 
needles, melting at 179° to 180° C., and ha\dng the usual solubilities. 

5 -lodomercuri -2 -methylthiophene, prepared in a similar manner 
to the bromide, crystallises from alcohol in silvery needles melting at 
111° to 112° C. It is readily soluble in cold ethyl acetate or benzene, 
less so in acetone unless heated. 

5 -ChIoromercuri-2 -ethyl thiophene may be crystallised from 
alcohol ; M.pt. 147° to 148° C. Yield 81 per cent, 

5 -Thiocyanatomercuri ~2 -ethyl thiophene yields small plates from 
benzene ; M.pt. 167-5° to 169° C. 

5-Iodomercuri-2-ethylthiophene, prepared from the chloride 
using rather more than 2 mols. of sodium iodide in acetone solution, 
crystallises from much alcohol in silvery needles melting at 96° to 97° C., 
affected by light, 

(2 or 5 )?-Thiocyanatomercuri-3-methylthiophene yields small 
crystals from benzene, melting at 169° C., sparingly soluble in acetone 
in the cold, easily when heated, but only sparingly in warm benzene or 
toluene, 

5-Hydroxymercuri-2-acetoxymercuri thiophene occurs as hair- 
fine needles, M.pt. 270° C. It is obtained from commercial benzene by 
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of 
mercuric acetate, 300 c.c. of water, and 40 grams of acetic acid after 
boiling under reflux for thirty minutes give 32 grams of compound.^ 
It is only soluble in acetic acid, from which it crystallises as the diacetaie ; 
dry distillation with concentrated hydrochloric acid yields thiophene and 
mercuric chloride. 

3-Chloromercuri-2-hydroxy-2 r 3 -dihydro -2 : 5-dimethylthio- 
phene mercuric chloride, ^ 



HC-^ ^^CH.HgCl 



CH,0 






\/ 

S 



IC.OH^OH 



This compound is derived from 2 ; 5-dimethylthiophene in the usual 

1 Dlmroth, B&r., 1899, 32, 758 ; Schwalbe, ibid., 1905, 38 ,2208. 

® Steinkopf, Anncdm, 1921, 424, 23. 
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manner. It forms white crystals, M.pt. 186“ to 187“ C., insoluble in 
water, difficultly soluble in ethc-r, cold alcohol, chloroform, or benzene, 
easily soluble in acetone or warm solvents. 

3-'Chloromercuri-2 ; 5-dimethylthiophene is contained in the 
motlier-liquors from the above compound, and may be precipitated by 
the addition of water. It crystallises from alcohol in silky needles, 
M.pt. 156“ to 157“ C., insoluble in water, easily soluble iii acetone or 
warm alcohol. It is also formed when the preceding mercuric salt is 
})oilcd for a long time with a little alcohol. The thiocyanate crystallises 
from benzene in snow-white crystals, M.pt. 177° to 177-5° C. 

The corresi^onding iodomf'rcuri compound is obtained by treating the 
abo\-c cliloride in acetone solution with sodium iodide. It crystallises 
from benzene in white, glistening needles, M.pt. 175° C. 

2-Chloromercuri-3 r 4-dimethyl thiophene occurs as white 
needles, M.pt. 137° to 138° C., easily soluble in warm benzene, chloroform, 
or cold acetone, slightly soluble in water. The crude product obtaihed 
in tlii.s preparation gives a residue insoluble in boiling alcohol and 
in the usual organic solvents. It is 2 ; 5 - dichloromercuri-3 : 4- 
diniethyi thiophene, which does not melt at 270° C. 

The corresponding H-iochnnercuri compound is prepared from acetone 
.solutions of the chloride and sodium iodide. It gives yellowish plates 
from benzol, M.pt. 142° C., easily soluble in acetone, carbon bisulphide, 
chloroform, or warm benzene and toluene, sparingly in alcohol. The 
thincijanato compound, rccr^*stallised from alcohol, melts at 178° to 

5-Chloromercuri-2 : 3 -dimethyl thiophene, 

.Me, 

1 I 

Mj^kgCl 

S 

may be prepared from 140 grams of mcrcuiic chloride solution, 30 grams 
of .sodium ac-etate solution, 140 grams of alcohol, and 2 grams of 2 : 3- 
diniethylthiopheue. A j'ield of G grains (97 per cent.) is obtained in hve 
days. It crystallises from benzene in matted crystals, M.pt, 213° to 
214° C., easily soluble in cold pyridine or quinoline and siiaringly in 
acetone nnlc.ss heated. No dichloromercuri compound is obtained. The 
fJiioeyanato derivative forms matted crystals from much ethyl acetate, 
deeom])osiiig on heating at about 240° C. 

5-Ghloromercuri-4 -hydroxy -4 : 5-dihydro-2 : 4-dimethylthi- 
ophene mercuric chloride, 

Mo.OH 

•HgCh 

Mes^HgCl 

S 

A saturated solution of mercuric chloride (264 grams), 54 grains of 33 
per cent, sodium acetate, 240 grains of alcohol, and 3-G grams of 2 : 4- 
dimethy Itliiophcnc are allowed to stand for fifteen hours, when 12-7 grams 
of precipitate are collected. Yield G2 per cent. It fonns fine crystals 
from benzene, M-pt. 167° to 1 68° C., and has the usual solubilities. 

5-Chioromercuri-2 ;4-dimethylthiophene. — When 41 grams of 
the above compound are boiled for thirty minutes with 500 c.c. of alcohol. 
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19 grams of product are obtained, the filtrate yielding unchanged 
mercuric chloride addition product. After two orj^stallisations the body 
melts at 138° to 139° C. It is readil)-^ soluble in cold acetone, moderately 
soluble in carbon disulphide, sparingly in cold benzene, ethyl acetate, or 
alcohol, but easily soluble on heating. ITith sodium thiocyanate (2 
mols.) in acetone solution, it yields mercury'’ 2 : 1 : 2’’ : l^-tetramctlivl- 
5 : S'-dithienyl. The corresponding thiocyanato compound is crj-stallised 
from alcohol, sinters at 170° C., and melts at 173° to 175° C. It is only 
sparingly soluble in the usual solvents in the cold and not very readily 
on heating. 

3“Chloromercuri-2 j 5-diphenylthiophene, 

I jHgCl 

S 

In order to prepare this substance 2 : 5-diphenylthiophene {1-4 grams) in 
600 c.c. of alcohol is treated with 50 grams of saturated mercuric chloride 
solution and 10 grams of 33 per cent, sodium acetate solution, and after 
twelve da)'‘S a 0-3 gram or 11 per cent, yield is formed. The reaction 
can be made quantitative by altering the above quantities to 4 grains of 
the thiophene in 400 c.c. of alcohol, 160 grams of sublimate solution and 
28 grams of acetate solution, and boiling the mixture for two and a half 
hours. The whole is filtered, washed with a little cold alcohol, and re- 
crystallised from xylene. It forms matted crystals, melting at 221° to 
222° C., readily soluble in acetone or in hot xylene or toluene, sparingly 
in cold benzene, chloroform, or alcohol. It is transformed by sodium 
thiocyanate {2 mols.) in acetone, to mercury 2:5:2' : 5'-tetraphenyl- 
3 : 3'*di thienyl. The latter substance with mercury thiocyanate in 
acetone is con\‘erted into the S-thiocyanatouiercuri derivative, wliich 
sinters at 180° to 200° C., but remains black and unmelted at 265° C. 



Dihydronaphthalene Compounds. 

2 - Acetoxymercurl -3 -hydroxy-tetrahydronaphthalene A 



X\/'\ 



CH.Hg0Ac 



CHjs 



'CH.OH 



A mixture of naphthalene and dihydronaphthalene is dissolved in ether 
and shaken with an aqueous solution of mercuric acetate. After twenty- 
four hours long needles of the acetate separate. It may be recrystal- 
lised from benzene or ligroiii, the product melting at 122° C. It is 
soluble in potassium hydroxide, and if potassium bromide be added and 
carbon dioxide passed in, the bromide is precipitated. It crystallises 
from benzene in glistenhig crystals, M.pt, 159° The coixesponding 
iodide is prepared from the acetate by treatment with potassium iodide, 
and when crystallised from benzene melts at 156° C., turning red. All 
the above salts are decomposed by 30 per cent, hydrochloric acid, 
naphthalene-free dihydronaphtbalene being regenerated. 

^ Sand and Gennsler, Ren, 1903, 36, 3699. 
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Mercuiy Derivatives of Aromatic Compounds containing Halogen, 
Nitro, or Sulphonic Acid Groups. 

In the case of halogen-substituted hydrocarbons it has been found 
that the sulphinic acid method of introducing the mercury gives the best 
results,^ and it is preferable to methods of direct mercuration using 
mercuric acetate at high temperatures. 

p-Chlorophenylmercuric acetate, — p-Chloro benzene sulphinic 
acid, prepared from p-chloroaniline by Gatterman^s method, is di ssol v ed in 
glacial acetic acid, and asolution of three molecular equivalents of mercuric 
acetate in the same solvent added, and the whole boiled for fifteen 
minutes. The sulphinic add is completely converted to the mercury 
compound, and is obtained by filtering the reaction mixture, and pre- 
cipitating with water. Yield 70 per cent. The acetate is a white, 
crystalline solid, M.pt. 193° C., which yields pure p-chloronitrobpzene 
when treated with concentrated nitric add at 65° C. for ten minutes. 
A suspension of the acetate in 10 per cent, aqueous potassium bromide, 
when treated with a slight excess of 10 per cent, bromine in 10 per cent, 
potassium bromide and shaken for one hour, yields p-chlorobromo- 
benzene, 

p-Chlorophenylmercuric chloride is obtained by treating an 
alcoholic solution of the acetate with 10 per cent, sodium chloride. 
It is a white solid, M.pt. 225° C., and may be crystallised from alcohol. 

p-Bromophenylmercuric acetate, a white crystalline solid, M.pt. 
196° C., is prepared as the chloro compound. It may be converted by 
nitric acid to p-bromonitrobenzene, and by sodium drloride to the 
corresponding chloride, M.pt. 250° C. 

p~Iodophenylmercuric acetate, which melts at 191° C., is also 
knowm. The mercury may be replaced by bromine in potassium 
bromide solution, giving a bromo-iodobenzene. 

o-Chlorophenylmercuric acetate is a white, crystalline solid, 
M.pt, 115° C , ; the corresponding chloride melts at 145° C. 

o-Bromophenylmercuric acetate may be prepared in tire usual 
w^ay. It melts at 124° C< ; the chloride melts at 155° C. and sublimes at 
100° C. It yields o-dibromobenzene when treated with bromine in 
acetic add solution. 

m-Chlorophenylmercuric acetate is a white solid, melting at 
133° C, It is soluble in alcohol, glacial acetic acid, benzene, or acetone, 
and slightly soluble in ether. The chleride is best reciystallised from 
alcohol and melts at 210° C. 

in-Bromophenylmercuric acetate is a white, crystalline solid, 
melting at 160° C. The chloride melts at 190° C. and yields m-dibromo- 
benzene by the usual treatment. 



Derivatives of Nitrobenzene. 

o-Nitrophenylmercuric chloride, NOa.CsH^.HgCl,^ is prepared 
as follows : — 

1. Mercuric acetate, together with five times its weight of nitro- 
* Haute, J. Amer. Uhem. Soc., 1923, 45, 1321. 

a Dimroth, Hen, 1902, 35, 2032; Arumkn, 1925, 446, 148; Kharasoh and Ohalkley, 
J. Aimr. Chtm. Boc. 1921, 43, 607. 
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benzene, is heated in an oil-bath to 150° C. until a test poition treated with 
dilute sodium hydroxide does not give a precipitate of mercuric oxide. 
When the mass is cooled a small quantity (0-6 per cent.) of mercuric 
acetate crystallises out, and the mixture is filtered, the filtrate being 
decomposed by sodium chloride, and steam distilled. After cooling, a 
solid is obtained which is dried and extracted with ligroin, from wMcli 
solvent pale yellow needles are deposited, several recrystallisations from 
acetic acid giving small, yellowish plates, M.pt. 181° to 182° C. (Dimroth).i 
2. The starting material in this preparation is o-nitrobenzene sul- 
phinic acid, which may be prepared from o-nitroaniline by the diazo- 
reaction. Two grams of this acid in 20 c.c. of alcohol are added to 
6 grams of mercuric chloride in a mixture of 20 c.c. of alcohol and 20 c.c. 
of water, and the resulting solution boiled for forty-five minutes. The 
precipitate is extracted with acetone, the solvent evaporated, and the 
residue crystallised from 95 per cent, alcohol, when faint yellow crystals, 
M.pt. 185° C. (corr.), are obtained. Yield 3 grams (78 per cent.). 

The chloride is very soluble in acetone, soluble in hot alcohol or 
ether, only slightly soluble in water. When treated with bromine in 
potassium bromide for tw’o hours on a shaking machine, and then 
extracted with ether, o-bromonitrobenzene, M.pt. 41° to 42° C., is 
obtained, whicli shows the mercury to be in the ortho position to the 
nitro group. No mercuric sulphide is obtained when the chloride is 
acted upon by ammonium sulphide, but w^hen boiled with hydro- 
chloric acid nitrobenzene results. During the direct mercuration of 
nitrobenzene, mercury o-o' -dinitrodiphenyl, M.pt, 206° C., is also formed.^ 
m -Nitro phenylmercuric chloride.-— Eight grams of the sodium 
salt of m-nitrobenzene sulphinic acid in 40 c.c. of water are added to 
21 grains of mercuric chloride in 100 c.c. of alcohol, and slightly more 
glacial acetic acid added than is required to liberate the sulphinic acid, 
after which the mixture is boiled for twenty hours. Extraction of the 
residue with acetone and recrj^stallisation from alcohol gives white 
crystals, melting at 236° to 237° C. Yield 5*7 grams (42 per cent.). 
The compound is less soluble in acetone or alcohol than the ortlio 
derivative. 

p-Nitrophenylmercuric chloride is prepared in a similar manner 
to the ortho compound, but the yields are very poor, even after fifteen 
hours'* boiling. It crystallises from alcohol in colourless crystals, M.pt. 
265° to 266° C. (corr. ) with decomposition. 

2:4: 6-Trinitrophenylmercuric chloride, C6H2(N02)3.HgCl, 
melting at 202° C., is obtained by heating 2 ; 4 : 6 : 2' ; 4' : 6'-hexanitro- 
diphenyl with alcoholic mercuric chloride. When treated in aqueous 
suspension with iodine in potassium iodide solution it yields 2:4:6- 
trinitr o-iodobenzene 

Derivatives of Nitrotoluenes, 

Ortho and p-nitrotoluenes are readily converted to mercury deri- 
vatives when boiled with mercuric oxide in the presence of sodium 
hydroxide, the metal in the compounds entering the side chain under 
these conations. The derivatives of p-nitrotoluene and 2 : 4-dinitro- 

* 8ee Dimxoth, Aniiaien, 1926, 446, 148 ; Jiixgens, JRec. tram. cMm., 1926, 45. 61- 
^ Wibaut and Jurgens, Verslag. Akai. Wetensek. Amsterdam, 192^ 29, 1074, 

® Ktarascli, J. Amex. Ghem. 80 a., 1921, 43, 2238, 
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toluene, ho^\'e^’e^, are ^*el‘y difficult to obtain in the pure state, but 
o-niti‘otolucne jields two well-defined compounds.^ 

o-Nitrobenzylmercuric chloride, NO2.C6H4.CH2.HgCl, yields 
colourless needles, M.pt. 145^ to 146° C., easily soluble in acetone or 
benzene, with difficulty in alcohol or ether ; from its solutions in caustic 
alkali it is precipitated by acid.® 

0”Nitrodimercuribenzylidene oxide or anhydride of o-nitro- 
benzal dimercuric hydroxide, 

/Hg\ 

N02.C6ll4.CH< >0 

Mlg/ 

The mereiirie oxide obtained from 297 grams of ineTCuric chloride by 
treatment with cold sodium hydroxide is well washed and added to a 
solution of 44 grams of sodium hydroxide in 2500 c.e. of water and the 
whole heated to boiling under a reflux condenser, bumping being pre- 
\‘ented b}‘ passing in a current of air. o-Nitrotoluene, 75 grams, is then 
added in small portions, the operation taking nine hours, and the whole 
is then boiled for 1-5 hours. Troni this mixture 291 grams of crude, dry 
oxide arc obtained, yield 96-4 per cent. When hydrochloric acid is 
added to the mother-liquors 5*2 grams of crude o-nitrobenzylmercuric 
chloride arc precipitated. The crude oxide is dissolved in acetic acid, 
and precipitated by adding excess of sodium hj'-droxide, w^hen dark 
yellow, er\‘stalJine masses are isolated, M.pt. 220° C. 

d'hc oxide is partially decomposed by hydrogen sulphide into mer- 
curic .sulphide and o-iiitrotoluene, and by zinc dust and sulphuric acid 
it is reduced to o-nitrotoliu-ne and mercur}’. ^Vhen heated with nitrous 
acid it gi\’es o-nitrobcnzaldehj'dc, w'hich is also formed together with a 
.small jmoportion of o-dinitrotolane, N02.C6H,i.C^C.C6H4.N02, by boil- 
ing with nitric acid. The oxide, when treated in the cold with nitrous 
and hydrocWoric acids, yields approximately molecular proportions of 
o-nitrobcnzaldehyde and its oxime, the dinitiite formed by tbe nitrous 
acid being converted into the oxime by the hydrochloric acid, via a 
hypothetical nitroso derivative : 

NO,.C6H4XH(HgN02)2+2HCl -HN02-hH20-l-N02.C6H4.C(N0){HgCl)2 
NO .>.C6H4,C ( NO ) (HgCl )2 -f 2HC1 -NO2 .C ^H ,.CH =NOH +2HgCl 2 
2N0.2.C6Hi.UH^N0H + 4HNO2-2NO2.C6H4.CHO +4NO -hN20 +3H2O 

The oxide is in general vorj’’ stable towards acids and alkalies, but 
wffien boiled with 20 per cent, hydrochloric acid it is transformed into 
anthranil. Treatment with chlorine in presence of an excess of hydro- 
chloric acid gi\'es o-nitrobenzylmercuric blonde, and bromine and iodine 
yield tlie corresponding halides. 

The following salts have been prepared : — 

Sulphate^ N02.C6H4.CH=Hg2=S04. — Forms pale yellow, broad 
needles or plates, giving with sodium hydroxide the free base, and on 
boiling with water an orange-yellow, basic sulphate, (N02.C6H4.CH(Hg 
^H)Hg)^04, 

CJdofide, a pale yellow, amorphous compound, formed by adding dilute 

' Reissert, Ber., 1907, 40, 4209; German Patents, 182217, 182218; see Burton, 
Hammond, and Kenner, J. Chetn. Soc., 1926, p. 1802. 

® For preparation, see oxide, below. 
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hydrochloric acid to the base, and when boiled for hours with sodium 
chloride solution, it is converted into a yellow* hvdroxvehloride 
N02.C6H4.CH(HgCl).Hg0H. 

Nitrate^ pale yellow, by triturating the base with dilute nitric acid. 

Nitrite^ by mixing the base with w^ater, shaking with sodium nitrite, 
then with 10 per cent, sulphuric acid. 

p-Nitrobenzylmercuric chloride has only been obtained in an 
impure state by the above method, the product being converted into 
p*nitrobenzoic acid when treated wuth dilute nitric acid. 

2 : 4-Dinitrodimercuribenzylidene oxide, — Diihtrotoluenc (18-2 
grams) and 54-2 grams of mercuric chloride are dissolved in 600 c.c. of 
absolute alcohol, and to the solution 13*8 grams of sodium in 270 c.c. of 
absolute alcohol are quickly added, w'hilst the solution is rapidly stirred. 
A brownish-red, voluminous precipitate immediately separates, this being 
Altered off, washed with alcohol, then boiled several times w'ith water 
to remove hydrochloric acid. Yield 58 grams. The product thus 
obtained is difficult to purify. When treated with hydrogen sulphide or 
10 per cent, hydrochloric acid it yields 2 : 4-dinitrotoluene, and with the 
former reagent mcrcjiric sulphide in addition. Concentrated nitric add 
converts it to 2 ; 4-dinitrobenzoic acid. 

Although in the preceding compounds, formed by the interaction of 
nitrotoluenes and mercuric oxide in hot sodium hydroxide solution, the 
mercury enters the side chain, it has recently been shown ^ that the 
mercur}'' enters the nucleus when mereuric acetate and nitro toluene are 
heated together at 140° C. 

4-Chloromercuri-'2-'nitrotoluene. — One part of mercuric acetate 
and 4 parts of o-nitrotoluene arc gradually heated with occasional 
shaking. The melt becomes orange-red at 110° to 120° C. and HqueAes 
to a pale yellow solution as the temperature rises. A temperature of 
140° to 150° C. is maintained until a testindicates the absence of mercury 
ions (after about four hours). After twelve hours a brown solid consisting 
mainly of mercurous acetate separates, and the clear solution is }X)ured 
into a large volume of ether and left for twenty -four hours. An amor- 
phous solid is deposited which consists of polymercuri compounds, and 
contains no monoacetoxymercuri derivatives. The ether is removed, 
the solution treated with sodium chloride solution, and excess of nitro- 
toluene removed in steam. The heavy, colourless product obtained is 
broken up and dried. It is Arst extracted with ether in a Soxlilct 
apparatus, to remove any o-nitrotoluene, then recrystallised twice from 
hot acetone, the chloromercuri compound being deposited in silky 
needles, melting at 220-5° to 221° C. (corr.). It is sparingly soluble in 
the usual solvents, except acetone and hot glacial acetic acid. M'ith 
bromine in chloroform, or iodine it yields 4-bromo- or 4-iodo-2-nitro- 
toluene respectively. 

The i-hromoTnereuri comi^ound is a crystalline powder, M.pt. 241° C., 
and the iodide melts with slight decomposition at 286° C. 

The existence of 6-chloromercuri-2-nitrotoluene has also been 
proved- 

5 -Chloromercuri - 2 - nitro toluene . — 2-Nitrotoluene - 5 - sulphinic 
acid is boiled with 50 per cent, aqueous alcoholic mercuric chloride for a 
week, any precipitate being perioffically removed. The latter is washed, 
dried, and extracted with hot acetone, from which the compound 

1 Coffey, J. Ohm,. 8oc., 1925, p. 637. 
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separates in small, felted, shining needles, M.pt. 210° C. Its solubilities 
and general properties are similar to those of the 4*isomeride. 

5-Chloromercuri-3-nitrotoluene.i — The mercuration is carried 
out by the metliod described under 4*chloromercuri-'2“nitrotoluene. 
The crude product of mercuration is extracted with hot acetone, the 5- 
chloro compound remaining undissolved, It crystallises frorn glacial 
acetic acid in colourle^, feathery needles, M,pt. 294° C., which yield 
5*bromo-3-nitrotoluene by treatment with bromine in potassium 
bromide solution, 

4-'Chloromercuri-3-'nitrotoluene crj^stallises from the hot acetone 
extractions described above. It forms pale yellow needles, sintering 
at 207° C. and melting at 210° C (corr.). It may be converted into 
4'bromO“3*nitrotoluene. The presence of 6-chloromercuri-3-nitro- 
toluene in the mercuration products has also been proved. 

Pure products cannot be obtained by the mercuration of p-nitro- 
toluenc with mercuric acetate at 140° C., so that the derivatives have 
been prepared from nitrotoluene sniphinic acids. 

2- Chloromercuri-4-nitrotoluene is obtained by boiling 4- 
nitrotoluene*2*sulphinic acid with a 50 per cent, aqueous alcoholic 
solution of mercuric chloride. The product is washed with 50 per cent, 
alcohol, dried, and extracted with acetone, the compound separating out 
in feathery needles, M.pt. 230° to 231° C. (corr.). 

3- Chloromercuri-'4-nitrotoluene is prepared from the sulphinic 
acid in the usual way. It crystallises in colourless needles, M.pt. 226° to 
227° C, (corr.), whic^ may be converted into 3-bromo*4-nitro toluene. 

Derivatives of Aromatic Sulphonic Acids 

Mercuration of p-toluene sulphonic acid. — ^The sulphonic acid 
(190 grains) is dissolved in 750 c.c. of water and 35 c.c. of acetic acid, and 
the solution boiled and filtered. Mercuric acetate (320 grams) is treated 
in exactly the same way and the two solutions mixed whilst boiling 
and boiled for one hour, A sample diluted with an equal volume of 
water and treated with sodium hydroxide then gives a clear solution, 
and the mercuration is considered complete. The mixture is filtered 
whilst boiling, and the solid, 81 grams, rejected; die filtrate on cooling 
yields 135 grams of a crystalline product. Tliis is extracted with 
water iu a Soxhlet apparatus, a crystalline solid being isolated, which is 
soluble in warm water, alkali, and salt solutions. When air-dried the 
formula corresponds to I. ; w^hen dried over calcium chloride, II. ; and 
dried in vacuo over phosphorus pentoxide. III. 
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The mercury in tliese compounds may be replaced by iodine, when 
2-iodotoluene-4-sulphonic acid is obtained. 

1 Coffey, J. Okem. Soc., 1926, p. 321i>. 

2 Whitmore and Etrenfeld, J. Atner. C/mm. 8oc., 1926, 49 , 789. 
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The following substances have also been mercuratedj but anah'sis 
indicates that the products are mixtures : benzene snlphonic acid and its 
sodium salt, sodium p*bromobenzene sulphonate, p-iodobenzeue suh 
phonic acid, 2 : 5-dichlorobenzeue sulphonic acid, inmitrobenzene sul- 
phonic acid, o-toluene sulphonic acid and its sodium salt, sodium ij* 
toluene sulphonate, 2 -chlorotoluene-5 -sulphonic acid. The mercuration 
of the sodium salts is a much slower process than in the case of the free 
acids. 







CHAPTER VII. 

MERCURY [continued). 

Derivatives of Aromatic Amirf-s. 

Aix. the aimnes dealt vitli in the present chapter may be directh^ 
niercnrated liy means of merc-nric* acetate, but it is impossible to predict 
how many mercury residues can be introduced into a given compound 
by comparing it with similar deii\‘ati\‘c,s. This is clearly shown by 
comparing the chloro- and nitro-auilines. AVliilst four different aoetoxy* 
mereui'i derivatives may be obtained itom the ortho compound of the 
fomicv, the meta compound only yields a triacetoxymercuri derivative 
and the para compound a monomercurated product. o-Nitroanilinc, 
however, gives a monomercurated compound, and the meta and para 
bodies yield mono- and di-mercurated products. 

From the table on p. 112 it will Ixj seen that when a ring-substituted 
aniline has the para position to the amino group unoccupied, mercury 
invariably entens* that position. A similar statement holds for the ortho 
position to the amino group, but should these two be filled, the mercury 
may enter the 0 po.sition, if vacant. 

*It is also interesting to note that when the amino gi-ou]i in aniline 
is substituted by basic groups, mercury compounds have always been 
obtained having the metal in the para position to the amino group, but in 
the case of the esters of the a-anilido fatty acids, the mercury always 
entcus the ortho position to the substituted amino group, and in some 
eases the para po.sition as well. 

lu the ease of the naphthylamines, the a-compoiuid yields a diace- 
toxymercuri derivative, but ^-naphth via mine gives only a mono- 
mercurated product. 

The aeetoxymcrcuri eompounds formed above are converted to 
chioromercuri salts by the addition of sodium chloride, and to the 
hydroxides by means of sodium hydroxide. When the amino group is 
not substituted, water may be eliminated between this group and the 
hydroxy merenri re.sidue, ^delding an anhydride, e.g. p-aiihno phenyl - 
mercuric hydroxide is considered to exist as 

HN.CcH4.Hg or NH=C6H4=Hg 

In the case of the esters of a-anilido fatty acids and tolylglycine 
esters, the acetoxymercuri oDnipounds when saponified by sodium 
hydroxide, eliminate water between the hydroxymerenri residue and 
the carboxyl group, thus forming anhydrides of the type 

NH CH, 

I 

Hg„0_C0 
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The acetoxymercuri derivatives fi-oni anilme, substituted aiiiliii(% 
and toluidine compounds, when treated \vith aqueous sodium thio- 
snlphate gi^x■ mercuri-bis products of the type E-.JIg, sometimes with 
the formation of a thiosulphate as an intermediate product, 

RHg.SaO^Na 

Other modes of forming the mereuri*bis compounds in special cases 
are as follows : — 

1. 6'Acetoxymercuri-'2 : 4*dichloroauiline with sodium hydrogen 
sulphate gives 6-'mercuri*bis*2 : 4*dichloroaniline. 

2. p-Mercuri-bis-monomethylaniline is formed from the coiTe* 
spending hydroxide by the action of sodium sulphide. 

3. p-'Mercuri-bis-dimethylaniline may be obtained by the preceding 
method, or from p*bromodimethylaniline by the action of sodium 
amalgam in the presence of ethyl acetate, or from the chloromercuri 
derivative by the action of metallic copper in pyridine solution. 

4. o*Acetoxvmercuri*p*bromodimethylaniline is converted into the 
compound by boiling for eight hours with potassium iodide in 

alcoholic solution. 

5. Mono- and diethylaniline derivati\^es undergo the same reactions 
as under 2 and 8. 

The diacetoxymercuri-o-chloroanilines when treated with sodium 
thiosulphate give compounds containing two benzene nuclei attached 
by two mercury bridges, and a doubly bridged mercury compound is also 
obtained when 2 : 2' : 4 •. 4'-tetrachloromerciiri diphenylanmie is boiled 
with pyridine. 

The following deri^mti^’es are stable towards ammonium sulphide : 
p - acetoxymercuri-o-nitroaniline, o - acetoxymercuri -p-broniodimethyl - 
aniline, 2 ; 4-diacetoxymercuri-a-naphthylamine, and p-dimethylamino- 
phenylmercuric acetate. If the latter compound be boiled with potas- 
sium iodide solution, then treated with hydrogen sulphide, only traces 
of mercuric sulphide are produced. Mercury compounds from 
naphthylamine, ^-naphthyl anhne-G-sulphonic acid, 1 : 5-naphth}damine 
sulphonic acid are decomposed by ammonium sulphide, whilst naphthi- 
onic acid derivatives are only slowly attacked. 

The following methods ha\‘e been used for substituting mercury 
residues in amines by halogens, in order to find the ix)sition of the 
mercury in the nucleus : — 

1. Treating an acetic acid solution of the compound vitli chlorine 
in the presence of calcium chloride. 

2. By the action of bromine in acetic acid solution, 

3. By the use of iodine in potassium iodide, 

4. By treating the compound with potassium perbromide. 

The follo\ving scheme shows the position taken up by mercury in 
mercurated amines, the figures on the right indicating the position in the 
nucleus. The terms mono, di, or tri mdicate that a monomercuri, etc., 
derivative is formed, but its position has not been determined. All 
the rings are numbered in a clockwise direction commencing from the 
top, irrespective of the group occupying that position. This method of 
numbering applies only to the table, the nomenclature in the text being 
that in current use. 
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Derivatives of Akiline. 



When aniline is treated with mercuric acetate in aqueous solution at 
room temperature a mixture of o- and p-aminoplieiiylmercuric acetates 
is formed. 
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In the earlier work on the mercuration of aniline, tire para compound 
was obtained by Pesci, and he apparently found its molecular weight 
to be twice that required by the above formula. This error led him to 
formulate many substituted amines incorrectly, and many of the earlier 
formulae have since had to be revised. 

p-'Aminophenylmercuric acetate.^-— The most satisfactory 
method of preparation for this compound is the one described by Dim- 
roth as follows : To 31*8 grams of mercuric acetate in 160 c.c. of water, 
18-6 grams of aniline are added. In about three hours, short, thick, 

1 Pesci, QazzeUa, 1892, 22 , i. 373; AUi. R, Accad. Lincei, 1892, (5), i. 312; CJiem. 
Zentr., 1892, ii. 213 ; Piccinini and Ruspaggiarl, Gazzetta, 1892, 22, ii. 604 ; Pesci, 
Zeiiech, anorg. Chem., 1897, 15, 208 ; Gazzetta, 1897, 27, i. 567 • Dimrotli, Ber., 1902, 35, 
2032 } Vecchiotti, Gazzetta, 1914, 44, ii. 1350 ; Rdtzeiistein and Bonitscli, J. makt, 
Chem., 1912, [2], 86, 73. 
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hard, pale j'ellow prisms separate. These eonsist of practieally pure 
p*aminoplienylniercurie acetate, and are filtered oi‘f. On further .stand- 
ing a seeond crop of crystals is obtained, bnt these contain some ortho 
compound. Yield, 40 grams of pure para and 3 grams of ortho 
derivative. 

Less satisfactory preparations are : (1) Mercuration C)f aniline acetate 
with mercuric oxide, (2) from N-mercuri-aniline, 

CgHsNH-Hg-KHCeHs 

by the action of mercuric acetate, acetic acid, or concentrated aniline 
acetate solutions. 

The compound crj^stallises in prisms, M.pt. 1G6® to 107^ C., is in- 
soluble in water or ether, and with difficulty in alcohol or chloroform, 
although it may be recry.stalliscd from the latter solvent without change 
of melting-point. It possesses basic properties, turning red metliyl 
orange yellow in aqueous solution, and it is soluble in dilute mineral 
and acetic adds. When treated with cold acetic anhydride it yields an 
acetyl derivative, which crystallises as glistening needles from boiling 
water, M.pt. 220° to 221° C. The same compound was isolated by 
Pesci from acetanilide and mercuric acetate, the melting-point being 
given as 218° to 220° 

Salicyl aldehyde in absolute alcohol gives a mercurated Schiff’s base, 
small, yellow crystals decomposing at 185° 

The acetate can also be diazotised and conjdcd in the usual way, azo 
dyes containing mercury being produced. 



Condensation with Dinitrophenylpyridiniwn Chloride.^ 

Five grams of the acetate in 450 c.c. of boiling alcohol are treated with 
1-2 grams of the pyridine compound in the same solvent. A red colora- 
tion immediately appears, and a brown solid separates. The reaction is 
completed by warming for one hour on the water-bath. The cooled 
mixture is filtered, the residue washed with alcohol, then extracted 
with acetone, until no residue remains on evaporation. The dried 
product is a brown powder, M.pt. 244° C.-, insoluble in the usual 
solvents. Yield 3 grams. The substance probably has the following 
constitution : — 



Hg.OAc 

/\ 

I I 



Hg.NH.CGH3(NO,) 

I < 




\/ \/ 

N-=(CH)5— NH 

/\ 



H Cl 



2 



A secondary reaction also takes place, giving a small quantity of 
substance blackening at 180° C. and not melting at 250° C. This is 
isolated from the filtrate and corresponds to the formula : 



^ Pesci, QazzeMa, 1894, 24, ii. 449 ; 1899, 29, i. 397. 

* Jacobs and Heidelberger, J. Biol. Ckem., 1915, 20, 518. 

® Reltzenstein. and Stamm, J. prald. Ckem., 1910, [2j, 81, 154. 
VOL. XI. : I. 
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Hg.OAc HgOH 



\/ \/ 

N = (CH);,— NH 

/\ 

H Cl 



If the above reaction be carried out in cold acetone solution, and 
water added after the reaction is complete, a brown precipitate is thrown 
down. This is extracted with acetone as beforCj a brown crystalline 
powder being obtained. It melts at 164“ C., and is insoluble in all 
solvents. Yield 60 to 40 per cent. The filtrate yields dinitroaniline. 
The product is formulated as : 



Hg.OAc Hg.OAc 

/\ /\ 




'•x/ 

(CH)5-NH 

/\ 
H Cl 



Condensation idth Propargijl Acetal (aojtal of p*ethoxy-acraldehyde).^ 

1. In alcohol — hydrochloric acid solution. Five grams of acetate 
(2 mols.) in 450 c.e. of alcohol are treated with 0-91 gram of propargyl 
acetal (I mol.) and the mixture boiled for six hours. To the cold 
solution 1-47 grams of 35-39 per cent, hydrochloric acid are added, a pale 
yellow powder being obtained. It decomposes at 180° C. and no 
formula has been assigned to it. 

2, In aqueous acetic acid solution. The above quantities were 
again used and the mixture warmed on the water*bath for a da5^ A 
yellow body is obtained, 0-.3 gram, decomposing at 180° C. This sub- 
stance agrees with the formula, 

AcO.Hg.CeH4.NH.CH3-N.C6H4.Hg.OAc.HOAc 

When treated with alkali halides, the corresponding p-aminophenyl- 
mercuric halides are formed, and with alkali hydroxides the hydroxide 
is produced. 

p-Aminophenylmercuric hydroxide. NH2.C6H4. HgOH. -—Since 
it appears doubtful whether this compound exists, it iS' usually formu- 
lated as an anhydride, 

HN.C6H4.Hg or HN=C6H4=Hg 

I I 

The corre^K>nding acetate in dilute caustic alkali is treated with 30 
per cent, potassium hydroxide until a precipitate is obtained. This is 
filtered and dried. Its solutions are strongly alkaline, and it readily 
forms salts with acids. In water it is only slightly soluble, and if the 
solution is heated with alkali sulphides a precipitate is formed, which 
consists of mercuric sulphide and p-mercuri-bis-aniline. The end 
product of the action of methyl iodide in methyl alcohol solution on the 
anhydride is HgI.C6H4,NMe3l, and when this is treated with harium 
hydrosulphide, mercuric sulphide is split off and the following substance 
remains, Hg(C6H4.NMe3l)2). 

1 Beltzensteln and Bonitsch, J. prakt. Chem., 1912, [2], 86, 73. 
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p-Aminophenylmercuric Halides and Salts. 

Chloride j,^rams of finely powdered acctiite are dissolved in 1-5 

litres of water, 10 c.c. of saturated soclhim chloride solution are added, and 
the mixture boiled. The solution soon becomes clear, and after liltering 
glistening plates appear as the solution cools. These when rccrystalliscd 
from alcohol or benzene melt with decomposition about 188° C. 

A second form of the chloride is known, this being amorphous. The 
acetate is dissolved in acetic acid and the calculated amount of aqueous 
sodium chloride added. The chloride comes down as a faint yellow 
precipitate. It is insoluble in water, alcohol, or dilute acids. 

The ciystalline chloride was obtained in 30 per cent, jdeld by Rcitzen- 
stein and Stamm, the acetate and sodium chloride solution being boiled 
for thirt)^ minutes. The plates, which were recry stalliscd from benzene, 
melted at 240° C. IV hen treated with sodium thiosulphate, p*amino* 
phenylmercnric thiosulphate is formed, and from the amorphous form 
Pesci isolated a crystalline product by the action of alcoholic aniline 
h\'‘drochloride. It crystallised in fine, colourless needles, decomposing 
above 150° C. 



CondensatioJi with Dinitrophenylpyridimuni Chloride. 

To 3 grams of the chloride in 500 e.c. of boiling alcohol, 1-29 grams 
of the pyridine compound in alcohol are added ; the solution imniedi* 
ately becomes yellow, and later red. The mixture is boiled for one hour, 
cooled, and filtered. The reddish-brown residue is washed witli boiling 
acetone, and dried over sulphuric acid. The red-brown pow^der melts 
at 125° C., and is insoluble in most organic solvents. Yield 50 per cent. 
Formula : 

= (CH)3-NH 

/\ 

H Cl 

If the reaction be carried out in cold acetone, and the pjwidine com- 
pound dissolved in methyl alcohol, the solution becomes deep red on 
mixing, and in two hours a reddish precipitate separates. This product 
melts at 151° C., and is insoluble in mo.st organic solvents. Yield 30 to 
40 per cent. 





Condensation with Propargyl Acetah 

1. In benzene solution. Two grams of the chloride (2 mols.) in 
500 c.c. of boiling benzene, and propargyl acetal (1 mol.) are boiled for 
two hours. Benzene saturated with hydrogen chloride is added, and 
yellow flocks separate. These are filtered and washed with ether, giving 
a very light, pale yellow powder. 

2. In hydrochloric acid. Five grams of chloride in 200 c.c. of 
water, 0»78 gram of hydrochloric acid (density 1-19), 0-98 gram of 
propargyl acetal are warmed for a day on the water-bath. An orange- 
yellow body (5 grams) separates. It sinters at 210° C. and probably 
has the formula ; 



HgCl.C6H4.N-CH3.NH.CaH4 .HgCI 
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Condensation leith Ethoxyacrolein Acetal. 



If the reaction bo carried ont as above, an orange-<x)lourcd body is 
oljtaiiied, vliioh darkens at 100° C\ and melts at 190° C, Ibrmuia : 






OEt 

OEt 



The following p-anuiioplicuyhnercuric salts are obtained by the 
action of the corresponding alkali salts on the acetate ; bromide, 
ccdonrlcss laminar, M.pt. 182° C. : iodide. M.pt. 165° C, (with decom- 
position) ; nitrate, microscopic ciy^stals ; sulphate, needles, M.pt, 150° C. 
(with decomposition); thiosulphate^ colourless plates, M.pt. 95° C. 
(with decomposition), 

p-Mercuri-bis-aniline, (NH 2 CgH 4 ) 2 ng. — This product is most 
readily formed by heating the above thiosulphate with water, p- 
lilcrcuii-bis'aeetanilide heated at 100° C. in sealed tubes with alcoholic 
])ota.ssiuin hydroxide yields the same compound. It crystallises in 
colourless needles, M.pt. 174° C. (with decomposition). 

o-Aminophenylmercuric acetate occurs as previously stated in 
.small yield in the mother-liquors from the para compound. It has 
similar properties to its isomer, and is readily soluble in dilute mineral 
acids, acetic acid, or dilute alcohol, crystallising from the latter- in 
pearly plates, M.pt. L5S° to 160° C. The acetyl derivative is made from 
its components with ice cooling, and crystallises from acetic acid in 
plates. M.pt. 156° to 158° C. These when treated with aqueous bromine 
in pchassium bromide solution yield o-bronioacetanilide, which proves 
the constitution of the nrerairy compound. 



Condensation -with Dir.-itrophenylpyridinium Chloride. 



The acetate (2-5 grams) in 400 c.c. of acetone is treated with an 
acetone solution of the pyridine compound, A slight evolution of heat 
takes place, the liquid becomes red, and a red precipitate separates. 
The solvent is evaporated ii} vacuo. Yield 0-7 gram. Formula : 




Hg.OAc 



-OT[' 



^ <^'l£.OT[CeH3(N0,)3 



p-Aminophenylmercuric chloride, obtained by adding sodium 
chloride to the acetate in acetic acid, recrystallises from -the latter in 
long, colourless plates. It may be isolated from the mixed acetates 
formed during the mercuration of aniline by dissolving them in acetic 
acid and adding sodium chloride, a mixture of amorphous para chloride 
and crystalline ortho chloride being obtained. These can be separated 
by warm alcohol, in which only the ortho chloride is soluble. 

2 r 4-Diacetoxymercuri aniline, ^ 




\/ 

Hg.OAc 



1 Vecchietti, Gazzetta, 1914, 44, U. 1350 ; Chem. Zmtr., 1914, li. 13i>0 : Pescl, Chem 
Zeit., 1899, 23, 68 ; Quzzetta, 1899, 29, i. 394. 
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A mixture of 28 ’25 grams of aniline and 16‘0 grams of mercuric acetate in 
200 c.c. of water is allowed to stand for two daj’s. The deposit of crystals 
is suspended in ammonium acetate soiutioui, brought into solution by 
the addition of ammonium hydroxide, the mixture neutralised by acetic 
acid, and the precipitate allowed to stand for twelve hours. It is then 
waslied with dilute acetic acid, and the above operation again repeated . 
It crj'stallises in Warty prisms, M.pt. 20G° C., soluble in acetic acid or 
ammonium hydroxide, slightly soluble in boiling water, and insoluble in 
alcohol. When boiled for twelve hours with acetic anhydride, the 
ac'efyl deri\"ative is formed as colourless, microscopic tetrahedra, .M.pt. 
220° C. The mercury may be removed by bromine in acetic acid 
solution, 2 : 4-dibromoacetanilide being obtained, this proving the position 
of the mercury in the nucleus. When the diacetate is triturated with 
water and treated with potassium hydroxide, the dihydroxymercuri 
compound is formed. It crystallises in microscopic needles, decompos- 
ing at 350° C., slightly soluble in boiling water, insoluble in alcohol. 

Derivatives of Halogenated Anilines. 

p-Acetoxymercuri-o-'Chloroaniline.^ — ^This product is one of a 
series of four derivatives obtained from the interaction of o-chloroanilinc 
and mercuric acetate, in aqueous or dilute alcoholic solution. It 
crystallises from alcohol in white needles, M.pt. 134° C., and when 
treated with alkali, forms an hydroxide^ decomposing at 205° C. The 
latter compound, or the acetate, when treated with aqueous sodium 
chloride yields the chloride, a compound decomposing at 174° C. 

The acetate when acetyl ated gives a crystalline product, M.pt. 238° 
to 239° C., and this when dissolved in acetic acid and treated wdth 
calcium chloride and chlorine gives o<p-dichloroacetanilide, showing 
the position of the mercurv' in tlie nucleus. 

p-Mercuri-bis-o-chloroanilme, M.pt. 138° C., is jircpared in the 
usual manner by the action of sodium thiosulphate on the acetate. 

A second moiwacetoxymercuri compound, isomeric with the above, is 
isolated from the products of mercuration. It crystallises in vcllow 
needles, 5I.pt. 143 C., but the position of the mercury has not been 
determined. 

The other two compounds from o-chloroaniline are diacetoxy deri- 
vatives. 

4 ’. 6-Diacetoxymercuri~o~chloroaniline, 
decomposes at 220° C., and yields an hydroxide decomposing at 250° C. 
and a chloride at 190° C. The acetate gives an acetyl derivative, 5t.pt. 
230° C., from which 2:4: 6-trichloroaniline may be obtained in the usual 
way. The acetyl derivative of the cUoride decomposes at 276° C, The 
action of sodium thiosulpliate on the acetate results in the production of 
a compound decomposing at 200° C., which is cither 4 :6-mercuri~ 
chloro -aniline (I.) or 4 :6-dimercuri-bis-o-chloroaniline (II.) 



1 


(H.) /xy-Hg— ^ 


xy-ci 


1 ' * 

d^LHgJ^Ci 


NF, NH2 



4 : 5-Diacetoxymercuri -o-chloroaniline melts at 282° C., and 
1 Veochiotti and Michettl, GuzzeUa, 1923, 55 , 372. 
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its acdyl derivative at 230° C. The latter in the usual manner yields 
2 : 4 : 5-trichloroacetanilidc. Coneentrated sodium thiosulphate on the 
diaeetate produces either 4 ; 5-mercuri-o-chloroaniline {III.) or 
4 ; 5-dimercuri-bis>o-chloroaniline (IV.), decomix)sing at 100° C. 



(III.) 









"iNHo 

I 

■VI 



(IV.) A’H; 

Cl' 



X\/- 



Hg 



bl 






6-Acetoxymercuri-2 ; 4-dichiOroaniline 1 is prepared in the 
usual manner from 2 : 4-diehloroanilinc and mercuric acetate in dilute 
alcoholic solution. It melts at 170° to 171° C., forms a hydroxide and 
chloride, M.]^t. 230° C. and 193° C- respectively. The acetyl derivative, 
M.pt. 283° (1., yields 2 : 4 : 6-tricliloroacetanilide. In this case a mer- 
curi>bi.s compound is obtained b\’’ the action of sodium hydrogen sul- 
phate on the acetate. It is G'inercitri-bis-2 : 4<‘dichloroaniline, M.pt. 
108° C. 

When m-chloroanilinc is incrcnrated in aqueous solution, using 
niereuric acetate, no mono- or diacetoxy derivatives are obtained, but 
only a triacctoxy compound. ^ 

2 : 4: 6-Triacetoxymercuri-m-chloroaniline melts at 210° C. ; 
the irihydroxyniercuri and trtchlovomercuri compounds decomposing at 
223° C, and 205° C. respectively. The triacetate when acted upon by 
chlorine in the presence of calcium chloride yields 2:3:4: 6-tetrachloro- 
anilinc. 

o-'Acetoxymercuri-p-chloroaniline ^ crystallises in prismatic 
needles, M.pt. 207° C. It forms a hydroxide and chloride, the former a 
white precipitate, and the latter needles, hl.pt. 205° C. When acetylated 
tlic acetate fields ^-acetorymercuri-p-chloroacetaniUde, which is con- 
verted by cWorinc to 2 : 4-dichloroacctaiiilidc. 

o-Iodoaniline, unlike the corresjDonding o-chloroaniline, only yields 
one derivative when treated with mercuric acetate. 

4-Acetoxymercuri-o-iodoaniline melts at 149° C.; the hydroxide 
has M.pt. 152° C. ; the iodide^ M.pt. 183° C. With iodine the acetyl 
deri\‘ative gives 2 : 4-di-iodoacctanilidc.^ 

Similarly, p-iodoanilinc yields 2~acetoxymercuri~p-iodoaniline, 
M.pt. 179° C. ; an hydroxide, M.pt. 259° C. ; an iodide, decomposing at 
103° C. ; an acetyl derivative, M.pt. 205° C., converted by iodine to 2:4- 
di-iodoacctanilidc. 



Dkiuvatives of Nitkoanilines-^ 

p-Acetoxymercuri-o-nitroaniline, 

NHg 

I ! 

\/ 

Hg.OAc 

^ Vecehkitti ami Caraiii. (hizzctki, 192(i, 56 , 147. 

“ \ecchiotti, Vazzetta, 192t>, 56 , 216. 

® Vecchiotti, Uazzetta, 1924, 54 , 411. 

* Vecchiotti and Michetti, Oazzettn, 1926, 56 , 480. 

5 KJiarascli, Loinmeii, and Jacobsohn, J. Auer. Ohem. 80 c., 1922, 44 , 793. 
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To a solution of 9-2 grams of mercuric acetate in 15 c.c. of water 
containing a few drops of acetic acid, a solution of 4-7 grams of o-nitro- 
aniline in 60 c.c. of alcohol is added, and the mixture boiled for one hour. 
The liquid is filtered whilst hot, and on cooling the compound separates. 
It is recrj'stallised from alcohol containing a little acetic acid, yellow 
crystals being deposited. It does not melt at 300° C., but turns red very 
gradually. It is stable ton'ards ammonium sulphide. 

p-'Chloromercuri-o-nitroaniline is obtained from the preceding 
compound by adding aqueous sodium chloride or alcoholic caldum 
chloride to its alcoholic solution. It is orange in colour and has no 
melting*point. Dilute alkali turns it red. 

Oumone-'(l)-imide aci“{2)''nitro-(4}*'mercury, 

NH 

II 

=N=0 

kg~o 

This compound is produced when any of the niei-cury derivatives of 
o*nitranilme are heated in the dry state or treated with dilute sodium 
hydroxide or even upon boiling with alcohol. The yields are 
quantitative. 

p-Acetoxymercuri-diacetyl-'O-'nitroaniline, AcO.Hg.CgH 3 .NO 2 . 
NAc 2 - — ^The acetate is heated under reflux with acetic anhydride and 
ethyl acetate. A straw ^yellow substance is deposited on cooling, M.pt. 
194° C. with decomposition, giving a yellow solution in sodium hydroxide. 
This compound may be converted to the monoacctyl derivative by suspend- 
ing it in water and adding dilute sodium hydroxide- A yellow solution 
is formed, from which dilute acetic acid gives a yellow crystalline 
product. It dissolves in sodium hydroxide, giving a yellow solution 
which slowly deposits a red precipitate. It decomposes at 194° C. 
The position of the mercury is proved by shaking the acetyl com- 
pound with potassium perbromide, when the mercury is replaced by 
bromine. 

p-Acetoxymercuri-m-nitroaniline. — .\ solution of 9-6 grams of 
mercuric acetate in 40 c.c. of water is added to a >solution of 4-2 grams of 
m-nitroaniline in 60 c-c. of alcohol, and the whole heated for three hours 
on the water -batiTi. The hot solution is filtered, and the solid residue 
repeatedly extracted with alcohol containing' a little acetic acid. A 
dark-red residue remains, M.pt. 225° C., which is the diacetoxy compound 
below. The alcoholic extract is e^’aporated and the residue recrystal- 
lised from a mixture of alcohol and acetic acid. Yellow product, 
M.pt. 1S3° C- 

o-p-Dlacetoxymercuri-m-'nitroaniline, — Obtained as above or 
by boiling an alcoholic solution of 4-2 grams of mmitroaniline with 19*4 
grams of mercuric acetate in aqueous solution until a test gives no 
mercuric sulphide when reaction mixture is treated with ammonium 
sulphide. Red compound, M.pt. 225° C. The acetyl derivative is a white 
compound, melting with decomposition at 230° C- The position of the 
mercury is determined by the aid of potassium perbromide. 

o-Acetoxymercuri'-p-nitroanilioe* — This substance is best pre- 
pared similarly to the eorresponding o-nitroaniline, but it may also 
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be isolated 
acetate. 



by treating the coinponiid shown below witii mercuric 



HN- 



-N = 0 0=N = 

I I 

0 — Hg 0 



O 



= NH 



(p-Quinonc-imide aci-nitro mercury). 



The acetate is a yellow, cr 3 ’stallhie compound, which is unchanged at 
300'^ C. Its acetyl derivative is a white, crj^stalline product. 

o-Chloromercuri-p-nitroanilme is an orange-yellow product 
soluble in alkali. It docs not melt below 300° C. 

2 ;6-Diacetoxymercuri-p“nitroariiline. — An alcoholic solution of 
9 grains of p*nitroaniline is boiled with an aqueous solution of 18-4 grams 
of mercuric acetate. Any monomercuri compound is removed from the 
residue by washing with hot alcohol containing a little acetic aedd, and 
the product is thai dissoh’ed in p}’ridine to remo^^e any metallic mercury. 
The addition of acetone precipitates the compound, which is dried in 
vacuo. It is orange in colour and does not melt at 800° C. 

Ouinone-(l)-imide aci-(4) -nitro-(2) -mercury is formed by 
treating any of the preceding compounds with dilute alkali, heating alone 

NH 




or with alcohol. The compound is maroon in colour, and with acetic or 
hydrochloric add gives the acetate or chloride respectively, which do not 
melt below 300° C. 

o-Mercuri-bis-p-nitroaniline,(CgH3.NH2.K02)2Hg. — ^Theacetatc 
is moistened with alcohol, susiDended in water, and aqueous sodium 
thiosulphate added. Solution takes place, and the whole is boiled for 
six minutes ; a yellow precipitate soon forms. It is purified by extrac- 
tion wth alcohol . Yield 86 per cent. 



Derivatives of Mono- and Di- alkyl anilines. 

p-Methylaminophenylmercuric acetate, NHMe.CgH^.Hg.O.Ac.i 
— The preparation is carried oat in the usual manner from mercuric 
acetate and inonomcthylaniline in aqueous alcoholic solution. The com- 
pound crystallises in glistening plates, M.pt. 149° C. with decomposition ; 
it is .soluble in hot alcohol or dilute acetic acid, insoluble in ether or water. 
When treated with potassium hydroxide, the hydroxide is formed. This 
crystallises in pearly plates, containing water of crystallisation, and 
melts at 118° C., decomposing at 120° C. It forms strongly alkaline 
solutions, which have a caustic taste. In alcohol it is readily soluble, 
sparingly soluble in w'ater, insoluble in ether. 

The following salts arc also known : chloride, yellow, amorphous 
powder, M.pt, 108° C. with decomposition, becoming green on exposure 
to light ; bromide, M.pt. 120° C., has same properties as the chloride ; 

1 Pesci, Gazzella, 1893, 23, ii. 521, 529 i Ohem. Zenlr., 1894, i, 501 ,• Zeiisdi. arvont. 
Ck&tn., 1897, rs, 216. ’ > j 
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nitrate^ hexagonal plates, decomposing suddenly at 150” C. ; aulphate, 
microscopic prisms, M.pt. 130° C. with decomposition, becoming grey- 
green on exposure to light. 

p-'Mercuri-bis-monomethylaniline is prepared from the hydrox- 
ide by the action of sodium sulphide. It crystallises from benzene in 
lustrous, colourless needles, M.pt. 178° to 179° C., sparingly soluble in 
alcohol, insoluble in ether. 

p-'Nitro-o-acetoxymercuri-monomethylaniline.^ — The follow- 
ing general method of preparation for compounds of this type has been 
given. One molecule of the compound in a small volume of alcohol 
is boiled with an aqueous solution containing 0-9 mol- of mercuric 
acetate until a test portion gives no precipitate with animonhmi sul- 
phide. The solution is filtered whilst hot, and the nrercurised acetate 
cr}’’stallises out on cooling. The mother-liquor from this, when treated 
with aqueous sodium chloride, yields the chloromercuri Compound- 
Yields are quantitative. The substance forms small, yellow crystals, 
M.pt. 197° C. with decomposition, soluble in acetone and alcohol -acetic- 
acid. The corresponding chloride is a yellow crystalline compound, incit- 
ing with decomposition at 215° C., soluble in acetone or boiling alcohol. 

p-Dimethylaminophenylmercuric acetate ^ may be obtained : 

1. By the interaction of the amine and mercuric acetate at room 
temperature. 

2. By dissolving yellow mercuric oxide in an aqueous solution of 
dimethyl aniline acetate. 

It crystallises in colourless, glistening needles, M.pt. 165° C., soluble 
in benzene, chloroform, or dilute acetic acid, insoluble in water. No 
mercuric sulphide is precipitated when it is treated with cold ammonium 
sulphide. Boiling with potassium iodide and subsequent passing of 
hydrogen sulphide only gives traces of mercuric sulphide.^ The hydrox- 
ide is formed by the action of sodium hydroxide, and crystallises in 
microscopic prisms, turning brown at 150° C. and melting at 179° C. 
It is fairly soluble in warm water, the solution being feebly alkaline. 
On boiling the hydroxide with methyl iodide a quaternary ammonium 
compound is formed, HgI.Ct(H 4 .NMe 3 l. This crystallises from boiling 
water in thin, flexible needles, w^hich turn browm at 2i8° C. and melt at 
230° C. on rapid heating. It is not attacked by boiling potassium 
hydroxide, but moist silver oxide yields the corresponding hose as a 
caustic liquid, which rapidly absorbs carbon dioxide. The methiodide 
gives a chloride when treated in aqueous solution with silver chloride, 
which crystallises in small needles, soluble in water or alcohol. The 
latter yields a double salt with mercuric chloride, crystallising in laminie, 
M.pt. 225° C. with decomposition. 

The acetate with sodium chloride solution gives p-dimethylamino- 
phenylmercuric chloride . The latter may also be obtained by 
shaking a benzene solution of p-mercuri-bis- dimethyl aniline with a 
saturated benzene solution of hydrogen chloride, or from alcoholic p- 
mercuri-bis-dimethyl aniline and mercuric chloride.'* It crystallises 
from boiling alcohol in hexagonal plates, M.pt, 225° C-, becoming red 
and decomposing. It is soluWe in cold hydrochloric acid or chloroform, 

^ KJiarasch and Jacobsohn, J. Amer. Chem. 1921, 43 , 1894- 

2 PfeKii, loc. cit. ; Dimroth, Ber,, 1902, 35 . 2032. 

® Dlmjoth, Zeit. anorg. Ohem., 1903, 33 , 314. 

* Mchadis and Eabinerson, Ber., 1890, 23 , 2342. 
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but less soluble in benzene. Warmed with .sodium carbonate it yields 
dimethylaniline and mercuric chloride. The corresponding bromide 
"melts at 226“ C., and the iodide forms colourless plates, M.pt. 195° C. 
with deeom])Osition. 

p-Mercuri -bis “dimethylaniline.^ 

1 . The {)-bromodimcthylanilinc derived from 100 grams of dimethyl- 
aniline is dissolved in fo grams of xylene, 1/10 the \‘olumc of ethyl 
acetate added, and sufheieut 1-5 per cent, sodium amalgam to give 
double the quantity of sodium required for the reaction, and the mixture 
boiled for twenty -four hours. The mass is filtered and the filtrate dis- 
tilled under reduced pressure, a faint yellow cr^’stalline residue resulting, 
whicli changes to a white powder in contact with air. 

2. By treating p-dimethylaminoi)henyImcrcuric chloride in pyridine 
with metallic copper. Yield 81 per cent . 2 

,3. p-Dimethylaminophenylmercuric hydroxide in aqueous sus- 
pension is reduced by sodium sulphide, the product being extracted 
from the resulting precipitate by hot benzene. 

It crystallises from henzaie in needles containing benzene, this 
benzene of crystallisation being lost on standing in air. It is slightly 
soluble in alcohol or ether, but readily in chloroform, the crystals melting 
at 169° C. It is precipitated from its dilute hydrochloric acid solution 
by sodium hj^'droxide, but warming with hj^drochloric acid leads to 
decomposition. It readifr reacts with phosphorus trichloride to give 
dimcthylamido})hosphenyl chloride, CljP-CgH^.NMe,. 

When 2 mols. of p-mercuri-bis-dimethylanilinc in benzene solu- 
tion arc treated dropwise with a solution of thionyl chloride in the 
same solvent, a bright yellow product is predpitated. The reaction is 
represented as follows : — 

2(C6H,jXMe,)2Hg+SOCl2=(C6H,NMe,)3S.O.Hg.C6H4NMe2+HgCl2, 

This compound is decomposed by hy^drogen sulphide, hexamethyl- 
triamidotriphcnylsulphine chloride being obtained.^ 

Methyl iodide reacts with p-niercuri-bis-dimethylaniline to form the 
quaternary ammonium compound (C 6 ^l 4 -^Me 3 l) 2 Hg, colourless crystals, 
becoming ydlow at 218° C. and melting at 230° C. This yields the 
corresiiondiiig chloride \vith silver chloride, the mercuric chloride double 
salt of winch decompose.? at 225° C. 

o-Acetoxymercuri-p-bromodimethylaniline.* — An alcoholic 

solution of p-bromodimethylaniline and an aqueous solution of mercuric 
acetate are mixed at 30° C., tightly stoppered in a bottle, and allowed 
to stand for six days. Keedles separate out in 74 per cent, yield, If 
more concentrated solutions are used and heat is applied only a brown oil 
is obtained, which docs not crystallise after standing for three months, 
and a lower yield also results when the mercuric acetate is slowly added 
with vigorous .stirring. The acetate crystallises in white needles, 
M.pt. 144° C., very soluble in hot methyl alcohol or carbon disulphide, 
fairly soluble iu hot ethyl acetate, benzene, carbon tetrachloride, or 
cold concentrated ammonium hydroxide, practically insoluble in water 

1 Pescl, OazzetUi, 1893, 23, ii. 521 ; Micliaelfs and Sclilenk, Ber., 1888, 21, 1501 : 
Annalen, 1890, 260, 6. 

“ Hein, Wagler, and lietter, Bcr., 1925, 58, [B], 1507. 

* yiichaelis and Godchaiis, JSer., 1891, 24. 758. 

* Whitmore, J. Aimr. Ohem, Soc., 1919, 41, 1841. 
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or petroleum ether. No black mercuric sulphide is precipitated by 
ammonium sulphide. The following salts are also known : — 

Chloride^ from alcoholic^ solution of acetate by alcoholic calcium 
chloride ; separates from alcohol or benzene in felted masses of needles, 
jVI.pt. 183° C. Bromide, forms larger crystals than the chloride and is 
more soluble; jVI.pt. 182° C. Iodide, much more soluble, M.pt. 169° C. 
Thiocyanate, fine white, gritt}* ciyestals, M.pt. 135° C., decomposing at 
140° C. Hydroxide, from alcoholic acetate and the requisite amount 
of sodium hydroxide in alcohol, forms hard, warty masses of crystals, 
M.pt. 162° C. Formate, fine felted needles, iVI.pt. 143° C., decomposing 
at 1.30° C. 

Mercuri-bis-'p-'bromodimethylaniline. — The acetate, 27-6 grams, 
is mixed with 23 grams of potassium iodide in 200 c.c. of alcohol, and the 
mixture heated under reflux for eight hours. The precipitate is filtered 
and extracted with cold benzene to remove impurities. Yield 15-5 
grams, 86 per cent, hbur crystallisations from benzene give fine, w'hitc 
needles, lVI.pt. 123° C., readily soluble in cold benzene, toluene, ether, 
acetone, or carbon disulphide. Smaller yields of this compound are also 
obtained from the above acetate by the action of sodium thiosulphate or 
potassium sulphide. 

Tlie mercuri-bis compound reacts with mercuric chloride, bromide, 
iodide, and thioC 3 '‘anate, giving good yields of the above salts. 

o -Nitro-p-acetoxymercuri-dimethylanillne — The preparation 
of this and the following compounds has been described under p-nitro- 
o-acetoxyniercurinnonomethylanilinc (p. 121). It is a bright yellow, 
crystalline substance, M.pt. 160° C., soluble in the usual organic soh’cnts. 
With sodium chloride solution it yields the iJ-chloro derivative, a red 
amorphous product, M.pt. 185° C. with decomposition, soluble in acetone 
or boiling alcohoL 

m-'Nitro-'p-acetoxymercuri*dimethylaniline occurs as brilliant 
orange needles, M.pt. 140° €., soluble in the usual solvents. The 
chlo7'ide is red and amorphous, M.pt. 220° C. with decomposition. 

p"Ethylaminophenylmercuric acetate - forms colourless prisms, 
M.pt. 130° C., insoluble in. water. Treated in alcoholic solution vath 
calcium chloride, the chloride is obtained as hexagonal plates, M.pt. 
143° C,, soluble in boiling alcohol, but insoluble in water. The acetate 
reacts with potassium hydroxide to form the hydroxide, colourless 
needles, decomposing at 145° C., slightly soluble in cold water, insoluble 
in ether. This hydroxide with methyl iodide yields the qvateruary 
ammonium compound, HgI.CgIl 4 .Et.NMe 3 l, which crystalli.scs in long, 
colourless, glistening needles, M.pt. 202° C., easily soluble in hot water, 
and unchanged by caustic alkali. From this may be obtained the 
chloride, colourless needles, which form a double salt with mercuric 
chloride, M.pt. 169° C., and the hydroxide, which forms a highly caustic 
solution which absorbs carbon dioxide from the atmosphere. 

p-Mercuri-bis-monoethylaniline is obtained by the action of 
sodium sulphide on the hydroxide. It crystallises from boiling xylene 
in colourless needles, M.pt. 166° C., whilst from alcohol or benzene it 
crystallises in plates. 

p-'Nitro-'O-acetoxymercuri-monoethylaniline occurs as small 
yellow crystals from alcohol, M.pt. 183° C. The chloride is a yellow, 

^ Kharasch and Jaoolraohn, J. Amer, Chim. 8oc., 1921, 43> 1894. 

® Peaci, Zeitsah. anorg^ Chtm., 1897, 308. 
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amorphous solid, M.pt. 218° C. Both are soluble in alcohol or 
acetone. ^ 

p-Diethylaminophenylmercuric acetate ^ forms colourless, glis- 
tening needles, M.pt. 104-4° C., soluble in alcohol, ether, or dilute acetic 
acid, insoluble in water. The chloride crystallises in tliin needles, M.pt. 
164-5° C., sparingly soluble in hot water, and when heated with aqueous 
sodium carbonate yields an oxide^ (Hg.CgH 4 .NEt 2 ) 20 , crystallising in 
lustrous, colourless needles, M.pt. 220° C.^ The hydroxide forms colour- 
less needles, IM.pt. 200° C. with decomposition, slowly decomposed by 
boiling water. IVhen heated with metliyl iodide in methyl alcohol 
solution it gives a quaternary ammonium compound, (CgH 4 .NEt 2 MeI ) 2 Hg, 
small colourless prisms, M.])t. 203° C., slightly soluble in cold alcohol, 
insoluble in ether or benzene. The corresponding chloride crystallises in 
long, colourless needles^ which yield a douhle salt with mercuric chloride, 
M.pt- 200° C. with decomposition- 

p-Mercuri“biS“diethylanilineis prepared {1 ) from p-bro mo diethyl - 
aniline and sodium amalgam, (2) from reduction of the hydroxide by 
sodium sulphide, (3) from the above oxide by the action of sodium thio- 
sulphate. It crystallises in small, colourless prisms from hot benzene, 
M.pt. 160-6° C., soluble in ether, insoluble in alcohol. With methyl- 
iodide it gives the usual quaternary ammonium compound. 

Derivatives of Benzylaniline.^ 

p-Benzylaminophenylmercuric acetate, obtained by the inter- 
action of benzylaniline and mercuric acetate hi aqueous alcohol at 50° C., 
forms colourless needles, M.pt. 143° to 144° C., soluble in benzene or 
chloroform, insoluble in water. The cMoride, isolated in the usual way, 
is a powder, crystallising from benzene or alcohol in glistening plates, 
M.pt. 173° to 174° C. The hydroxide sinters at 82° C. and melts at 215° C., 
and is decomposed by alcohols or benzene. Treated with nitric acid 
the hydroxide gives a nitrate, aciy^stalline powder, decomposed by boiling 
water and melting with decomposition at 150° C. 

p-Mercuri-bis -benzylaniline, prepared from the hydroxide by the 
action of aqueous sodium thiosulphate, crystallises from benzene in 
small, colourless needles, M.pt. 171° C. with partial decomposition. It 
is insoluble in methyl or ethyl alcohol. 



Deriv-A-tives of Acid Anilides.^ 

p-Acetaminophenylmercuric acetate. — An intimate mixture of 
2 inols. of mercuric acetate and 1 mol. of acetanilide is heated for one 
hour at 114° to 115° C., then for two hours at 100° C. Two volumes of 
boiling water are then, added, and the mixture filtered after standing for 
twenty -four , hours. It crystallises from boiling water in microscopic 
tetrahedra, M.pt. 220° C., soluble in boiling water, methyl, or ethyl 

1 Kharasoh aad Jacobsolm, J. Amer. Ckem. Soc., 1921, 43 , 1894. 

® Plcclniiii, Ga^zetla, 1893, 23 , ii. 534 ; Ruspaggiari, Gazaetta, 1893, 23 , ii. 544 ; 
Poscl, Zeikeh. amnj. Chem., 1897, 15 , 208. 

* Pigorinl, GaszeUa, 1894, 24 , ii. 465. 

* Pesci, Zeitsch. anorg. Chem., 1897, 15 , 208. 

s Pesci, GaszeUa, 1894, 24 , 11. 449 ; Zdtsch. amnj. Oh&m., 1897, 15 , 222 ; GUm. ZeiL, 
1899, 23 , 58 ,- C%mi. Zentr., 1899, 1. 527 ; Plocinim, GazzeUa, 1894, 24 , li. 453. 
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alcohol, insoluble in iDciizene. The chloride crj'stalliscs with 2 mols. 
of water in microscopic needles which lose their water at 100'^ C. 
They melt at 250° C., are slightly soluble in alcohol, insolulde in water. 
The hydroxide is a micro-cn^stalline substance having a strongly alkaline 
reaction. It decomposes at 270° C., and with sodium or barinin sul- 
phides yields p-mercuri-bis-acetanilide. When the acetate is treated 
with sulphuric acid, a sulphate is obtained as colourless needles, soluble 
in acetic acid or alkali acetates, insoluble in water or alcohol. 

p-Mercuri -bis -acetanilide, prepared as stated above, cry.stallises 
in colourless needles, M.pt. 244° to 246° C., and when heated with 
alcoholic potassium hydroxide at 100° C. in a sealed tube it yields p- 
mercuri-bis-aniline. The anilide is slightly soluble in boiling alcohol, but 
insoluble in other solvents. 

Penta-acetoxymercuri acetanilide, C 6 .NHAc.(Hg.OAc) 5 .^ — An in- 
timate mixture of 16 grams of mercuric acetate and 1 gram of acetanilide 
is heated at 115° to 145° C. until a test portion gives no reaction for 
mercury ions. The product is dissolved in ammonium hydroxide, acetic 
acid added, and in twenty-four hours needles are deposited. These 
dissolve in cold water, the solution being viscous, and when heated to 
80° C. coagulation takes place. When treated with bromine, penta- 
bromacetanilide, M.pt, 284° to 285° C., is obtained. 



Derivatives of Diphenylaminb. 

p-Acetoxymercuri-diphenylamine,C(>H 5 .NH.C 6 H 4 .Hg.OAc. 2 — .A.n 
alcoholic solution of diphenylainine is treated with a solution of mercuric 
acetate in 50 per cent, alcohol in the presence of a little acetic acid. The 
acetate crystallises fmin alcohol in plates, M.pt. 178° C., slightly soluble 
in alcohols or hot benizene, insoluble in water. Treated with alcoholic 
calcium chloride it gives the chloride, microscopic plates, decomposing 
above 240° C. 

With potassium hydroxide the hydroxide is formed, a white, amor- 
phous substance decomposing above 200° C. It has an alkaline reaction 
in aqueous and alcoholic solution. 

p-Mercuri-bis-diphenylamine, obtained from the hydrate by 
sodium thiosulphate, is a white powder. It crystallises in scales from 
boiling benzene or chloroform, M.pt. 182-5° C. 

2 :2' : 4 : 4'-Tetrachloromercuri-diphenylamine,3 

H^ci 

Diphenyl amine and mercuric chloride are heated together, and the melt 
poured into acetic acid and boiled for some time, A yellow product is 
obtained, from which unchanged diphenylamine is removed by extrac- 
tion with acetic acid. It does not melt at 260° C,, and is insoluble in all 
organic solvents. 

When boiled with pyridine the compound appears to be decomposed 

1 BaSo and Rossi, Zeiisch. Chew,, Ind. Kolhide., 1912, ii, 120 ; Ohem. Zentr., 1912, fi. 
2070 ; Bernardl, GazzeUa, 1926, 56, 837. 

® Prussia, Oazzetta, li^S, 28, iL 129 ; Ghem. ZenU-., 1898, it. 928, 

® Kliarascli and Pioeard, /, Amer. Ohem. jScxr,, 1920, 42, 1855. » 
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into mercuric cluloridc and 3 : 3^-mercuri-mercazine, to which the 
following formula? have been assigned : — 



NH„ 




and 






\/ 



-NH- 

-Hg- 



-Hs- 



2H„0 



\/ 



This compound, with sodium thiosuli?hate in aI<X)holic solution at 
70"^ C'., yields a grey product insoluble in all organic solvents. It is 
unstable towards nitric acid, and when heated to 100° C. in vacuo 
mercury distils off. 

Nitration of the tetracliloromercuri compound by mixed acid gives 
a light brown compound, insoluble in organic solvents, but partly soluble 
ill sodium hydroxide, giving a red coloration. Tlie position of the 
nitro groups is uncertain, and the i'ollowing structure is given : — 




This compound, when treated with sodium thiosulphate, gives a light 
brown substance, which loses mercury at 100“ C. in vacuo, and when 
heated at 54° C. in vacuo for fifteen minutes lo.ses .5-22 per cent, of water. 
The name, mercury -bis-3-dinitro{?)-mercazine, has been assigned 
to it, and the following structure : — 



NO., 



XTTT "NTTr 

“X/Xh./X 



•s/ \ /\/ 



-Ha 



'-NO, 



■2H,0 



p-Acetoxymercuri-methyldiphenylamine,^ prepared in the usual 
manner, cr\‘stallises from alcohol in needles, which yield the hydroxide 
when treated with potassium hydroxide, as a white amorphous powder. 

p-Mercuri-bis-methyldiphenylamine is isolated from the acetate 
hy treatment with 25 per cent, sodium thiosulphate. It crystallises 
from bcn'/cnc-ligroin in colourless plates, M.pt. 138° to 139° C. 

Acetoxymercuri-N -methyl thiodiphenylamine - is obtained when 
N-methylthiodiplienylamiue in alcohol or acetic acid is treated with 
mercuric acetate. A diacetoxymercuri derivative is also produced at 
the same time. The former compound melts at 135° C., the latter 
decomposes without melting at 300? C. If the N-methylthio diphenyl- 
amine be replaced by thiodiplienylamine no mercuiy derivative results, 
but only o-dithiotetraphenylhydrazine, this product also occurring on 
tile interaction of mercury acetamide and thiodiphenylaniine.^ 



Deeivatives of a-ANiLiDO Fatty Acids and their Esters,'^- 

In this series of compounds the substitution of mercury becomes 
more easy as the series is ascended. Whilst the ethyl a-anilido acetate 

1 Garbarini, Gazzetta, 1898, 28, ii. 132; Chem. Zentr., 1898, il. 928. 

® Pin?.!, Giom. Chim. Ind. AppL, 1927, 9, 176. 

® Pesci, Gazzetta, 1916, 46, 1. 103. 

* Schoeller, Schrautb, and Goldacker, Ber., 1911, 44, 1300; German Patent, 248291. 
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forms only a mono -substitution product, the propionic,* ester j^ives a 
mixture of mono- and di-substitution products. In the case of the 
butyric and iso\'aleric esters, only di- substituted products of the tvpe 
CeH 3 .(Hg.OAc) 2 .NH,CHR.CO.Et are obtained. 

2-Acetoxymercuriphenyiglycine ethyl ester, 

OAc.Hg.C0H4.XH.CH2.CO.Et. 



Ten grams of the pure phenylglycine ester in 50 c.c. of methyl alcohol 
are treated with a solution of 20 grams of mercuric acetate in 50 c.c. of 
water, the mixture being stirred during the addition. A further quantity 
of methyl alcohol is added, and in fifteen minutes pale yellow ciy-stals 
commence to separate. .A.fter twenty -four hours these are filtered off 
and washed with water, the yield of crude product being 20 gi'ams, 
82 per cent. It is reciystallised from chloroform, small tabular ciystals 
being obtained. These soften at 129° C. and melt at 132° C. When 
bromine or iodine in their respective alkali halides are added to the ester, 
the acetoxymercuri group is replaced by halogen. 

2 -Chloromercuri phenylglycine ethyl ester. — The above acetate 
is treated with sodium chloride in aqueous alcohol solution. It crystal- 
lises in needles or rhombic plates, sintering at 150*5° C. and melting at 
152*5° C. The corresponding bromide forms rhombic plates, sintering at 
144° C., M.pt. 147*5° C, ; the iodide, lustrous leaflets, sintering at 137° to 
138° C., M.pt. 139° to 140° C, 

2 -Hydroxymercuriphenylglycine anhydride. 



CeH 



4 



NH— CH, 

I 

Hg.O.CO. 



This product is obtained by saponifying the acetate by 1*25 inols. of 
Normal sodium hydroxide solution, and acidifying the resulting solution 
with hformal sulphuric acid. Yield 91 per cent. It is decomposed at 
228° C. (corr.). When dissolved in the calculated quantity of Normal 
alkali it gives precipitates with the salts of various metals : the copper 
salt is light green, decomposing at 193° to 197° C, ; lead, iron, calcium, 
silver, mercury and platinum salts are also known, 

(2 - Chloromercuriphenyl - a - amino) propionic ethyl ester, 
ClHg.CgH^.NH.CHMe.COaEt. — Equimolecular quantities of mercuric 
acetate and the ester are allo\ved to react in aqueous methyl alcohol 
solution, A 68 per cent, yield of the acetate is obtained, which is con- 
taminated with dimercuri ester. It is soluble in organic solvents and 
precipitated as a yellow oil by light petroleum. Standing in ice for 
twelve hours does not induce solidification, so that the oil is treated 
with sodium chloride and converted to the chloro compound. This 
crystallises from 80 per cent, alcohol in microscopic needles, M.pt. 
165*5° C. Yield 80 per cent, 

(2 : 4-Diacetoxymercuri-a-amino) propionic ethyl ester. — To 
10 grams of the anilido ester in 10 c.c. of methyl alcohol, 35 grams of 
mercuric acetate in 100 c.c. of water and 80 c.c, of methyl alcohol are 
gradually added with constant stirring. The reaction is complete in an 
hour. The product is left overnight in ice, then filtered and washed with 
cold water. Yield 30 grams, 80 per cent. It is soluble in the usual 
solvents, and completely soluble in 10 per cent, acetic add without split- 
ting off the mercury. The above product eonfains a crystaiUne and an 
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amorphous form of the diacetate, the former being soluble in hot methyl 
aleohol containing acetic acid, and lx)th give the same substance when 
treated with alkali halides. 

(2 ; 4-Dichloromercuriphenyl-a-'amino) propionic ethyl ester 
is prepared from the abo^‘e compound by the addition of aqueous sodium 
chloride. It crystallises from ethyl acetate— ligroin in small needles, 
.sintering at 128° C. and melting at 131° C. (eorr.). The corresponding 
dibromide forms needles, M.pt. 128-5° C. (corr.). 

(2 :4-Dihydroxymercuriphenyl-a-amino) propionic anhydride, 

XH CHMe 

HOHg.CsH3< I 

\Hg— 0— CO. 

This is obtained by hydrolysis of the diacetatc, using aqueous sodium 
hydroxide. It readily absorbs water and decomposes at 223° C. (corr. ). 

(2 : 4-'Diacetoxymercuriphenyl-'a-amino) butyric ethyl ester, 
(IIg.0Ac)2C6H3.NH.CHEt.C02Et. — This is prepared in the usual 
manner, with 82-3 per cent, yield. It crystallises in stout rods, sintering 
at li>0° C- and melting at 154)-5° C. (corr.). It is readily soluble in 
iilcohols or chloroform, but only slightly in other solvents. With sodium 
chloride it yields the dichloro compiound^ slender needles, M.pt. 127° C. 
(corr.), and the corresponding dihromo derivative forms needles, sintering 
at 125° M.pt. 127° 0. (corr.) ; the di-iodide forms needles, M.pt 120° C. 
(c-orr, ). 

(2 : 4-Dihydroxymercuriphenyl-a”amino) butyric anhydride. 



HOHg.CeHa 



NH ^CHEt 



Hg— 0— CO 



is obtained in 90 to 92 per cent, yield by saponification of the diacetoxy 
ester with 3-25 mols. of Normal sodium hydroxide. It becomes 
yellowish-browii at 200° C, and decomposes at 209° C> (corr.). It 
readily takes uji moisture on exposure to the air and the following 
scheme may represent the change .* — 



CH3CH2X =, 



>CH.C00H+H20 



CHXH 



3V^xj-2\ # 



HOHg 



HOHg 



XH.COOH 



CJL.NH 



(2:4- Diacetoxymercuriphenyl-a-amino) isovalerianic ethyl 
ester. — The reaction is complete in thirty minutes, an 86 per cent, yield 
])cing obtained. It crystallises in stellar aggregates of needles, M.pt. 
126° C. (corr.). The dichloro compound forms microscopic rods, M.pt. 
122° C. (corr.), and the dibromide occurs in' two forms \ (a) a granular, 
sandy, amorphous modification, decomposing at 215° C. and insoluble in 
ethyl acetate; (6) a soluble form, white needles, M.pt, 135° C. (corr.); 
the di-iodids crystallises in yellow needles, M.pt. 129° C. (corn). The 
anhtjdride is obtained in 90 per cent, yield, decomposes at 226° C. (corr.), 
and readily takes up moisture on exposure to the atmosphere. 



Derivatives of Tolylglycine Esters. 

Acetoxymercuri-o-tolylglycine ethyl ester, AcO.Hg.CeH3Me. 
NH.CHg.COgEt.— The ester and mercuric acetate in methyl alcohol 
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^'ivc a 77 per cent, yield of this eompoiind. It is soluble in nietiu‘l or 
ethyl aleohol, ethyl acetate^ chloroform, acetone, ammonium h}‘drois:ide, 
or dilute acids ; insoluble in light petroleum. It melts at *12i3-5’ C. 
(corr.). 

Hydroxymercuri -o -tolylglycine anhydride , 

/NH CHa 

Me.CgHa/ 1 

\Hg— 0— CO 

is obtained in 93 per cent, yield by saponification of tlie above acetate. 
It is insoluble in water or organic solvents, but easily soluble in alkali. 

Diacetoxymercuri-o-'tolylglycine ethyl ester is prepared in the 
usual manner, using 2 mols. of mercuric acetate. It forms slender 
needles, M.pt. 167° C> (corr.), difficultly soluble in alcohol, but readih* 
in ammonium hydroxide. It is saponified by hot alkali. 

Acetoxymercuri-m-tolylglycine ethyl ester, M.pt. 127;>° C. 
(corr.), yields a yellow anhydride on saponification. 

Triacetoxymercuri-m-'tolylglycine ethyl ester is formed in 20 
per cent, yield when 3 mols. of mercuric acetate are used. It melts 
at 185° C. (corr.), is readily soluble in ammonium hydroxide, uith 
difficulty in alcohol, and insoluble in the usual .solvents. 

Acetoxymercuri-p-tolylglycine ethyl ester, M.pt. 140° C. (corr.), 
yields an amorphous anhydride on saponification. 

Derivatives of Toluidines and Toluidides.^ 

The mercuration of o^toluidine in methyl alcohol solution gives rise 
to a mono and a dimercurated compound, the latter forming 83 per cent, 
of the product. When 50 per cent, ethyl alcohol is used as the soh’’ent 
the main yield is the monomercuri deii vative,^ If the reaction be carried 
out in aqueous solution, only a dimercurated product is obtained, which 
is isomeric with the one isolated from methyl alcohol solution.® 

5-Acetoxymercuri-o-toluidine. — A solution of o~toluidine (3 
mols. ) in ethyl alcohol is rapidly added to a 50 per cent, alcoholic solu- 
tion of mercuric acetate (1 mol.). The product is recrystallised first 
from 50 per cent, alcohol, then from absolute alcohol, any dimercuri 
compound being insoluble in the latter solvent. It is soluble in hot 
water or alcohol, less so in ethyl acetate, and melts at 144° to 145° C. 

When treated with sodium chloride solution the S-chloromercuri 
compound is obtained. It crystallises from absolute alcohol in needles, 
M.pt. 178° C. Its diacetyl derivative forms colourless leaflets, M.pt. 
170° C. 

Diacetoxymercuri-o-toluidine. — {a) From methyl alcohol solu- 
tion. 

A solution of 37 grams of mercuric acetate in 100 c.c. of methyl 
alcohol is stirred into 10 grams of o-toluidine in 50 c.c. of methyl alcohol, 
and in a few minutes no mercury ions can be detected in the solution. 
.After several hours the crystallisation of the diacetoxy compound 
commences. The small microscopic needles are allowed to stand in ice 
for forty-eight hours, then filtered, washed with alcohol, and dried at 

^ Schrauth, Schoeller, and Rother, Ber., 1912, 45 » 2808. 

* Jacobs and Hddelberger, J- Bid. Ohem., I9l4 20 , 513. 

s Vecehlotti, GazzeUa, 1926, 56 , 155. See Rossi and Roeclii, 1926, 55» 93. 

VOL. XI. L 9 




130 ORGANOMETALLIC COJIPOUNDS. 

100° C. Yield 21 grams, 73 per cent. It crystallises from methyl 
alcohol in microscopic needles, M.pt. 228° C. with decomposition, is 
Insoluble in most organic solvents, slightly soluble in methyl alcohol, but 
readily soluble in acids, ammonium hydroxide, amines, ethylenedi amine, 
or pyridine. 

(b) From aqueous solution. 

iThen equimolecuiar quantities of mercuric acetate and o-toluidine 
react in aqueous solution, the resulting diacetate melts at 208° C. The 
position of the acetoxy mercuri groups has not been determined, but 
they are apparently not 3 : 5 or 4 t 6. 

Dihydroxymercuri -o-toluidine. — The diacetate (M.pt. 228° C.) 
in 30 parts of water at 80° to 90° C. is treated with an excess of sodium 
hydroxide, and on cooling the dih^’droxj’mercuh compound separates in 
long, colourless needles. These when heated at 100° C, lose water, gi^dng 
an infusible canary-yellow substance which blackens when heated and 
probably has the constitution : 

/NH 

HOHg^CgHa.Me^ | 

^Hg 

The hydroxide obtained from the diacetate (M.pt. 208° C. ) melts at 235° C. 
The acetate (M.pt. 228° C.) when treated in the usual manner yields a 
chloride, bromide, iodide, and hydroxide-, the acetate (M.pt. 208° C.) 
gives the following derivatives : chloride, decomposes at 221° C. ; bromide, 
decomposes at 232° C.i aeetotoluidide, sinters at 214° C., M.pt. 219° C. ; 
hydroxide, M.pt. 235° C, 

Acetoxymercuri - aceto - o -toluidide . — ^Ten grams of o-aceto- 
toluidide in 250 e.c. of hot water are treated with 20 grams of mercuric 
acetate and the mixture boiled for forty minutes, then hltered whilst hot. 
It is then cooled in ice for twent)'-four hour's, the solution yielding 7 grams 
of needles, 28 per cent, yield. After recrystallisation from 80 per cent, 
alcohol, the needles melt at 233° C. (corr.). With iodine it gives 5-iodo- 
aceto-o-toluidide. Treatment with sodium chloride solution yields the 
chloromercuri-aeeto'odoluidide, M.pt. 167° C., w'hich may also be obtained 
by acetylation of the chloromercuri -o-toluidine. 

Diacetoxymercuri-aceto-o-toluidide.-— Diacetoxyinercuri-o-tolu- 
idine is dissolved in ethyl acetate and acetylated by means of acetic- 
anhydride. The product melts at 240° C-, and by double decomposition 
the following are obtained : chloride ; bromide, microscopic needles ; iodide, 
precipitated in flocks, which gradually change to a crystalline modiflea- 
tion on standing. The acetate rvrth iodine gives long, sillcy needles, 
M>pt. 222-5° C. (corr.), which contain no mercury. 

6-Acetoxymercuri-m-toluidme crystallises in small needles, M.pt. 
176° C., and 2 : 5-diacetoxymercuri-m-toluidine forms white needles, 
M.pt. 170° C., these yielding an hydroxide, decomposing at 200° C . ; a 
chloride, decomposing at 239° to 240° C. ; a bromide, decomposing at 
150° C. 

Diacetoxy mercuri- m-toluidine (1 : 3 : 4 ; 6) ^ crystallises in white 
plates, M.pt. 191° C , ; the hydroxide is not very stable; the chloride and 
bromide crystallise in plates, melting at 195° C. and 210° C. respectively, 
Triacetoxymercuri-m-toluidine— Three grams of m-toluidine 
and 27 grams of mercuric acetate in 85 c.c. of methvl alcohol gave 

^ Yecchiottl, GazzetUx, 1924, 54 , 411. 
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23 grains of crystals after t\\‘o days^ standing. Yield 95-3 per cent. It 
forms bright yellow microscopic crystals, insolnble in the usual organic 
solvents, but soluble in ammonium hydroxide. 

Acetoxymercuri-aceto-m-toluidide may be obtained from an 
aqueous solution of mercuric acetate and the toluididc b}" heating for 
one hour. Yield 20 per cent. It gives crystals from 80 per cent, 
alcohol, M.pt. 99^ C. 

If the above diacetoxy compound is acetylated, diacetoxymeixun- 
aceto-m~toluidide is formed. It is insoluble in organic solvents, slightly 
soluble in hot water, and easily soluble in ammonium hydroxide. 
With iodine 4 ; O-dinodoaceto-'m-'toluidide is obtained. In a similar 
manner the triacetoxyinercnri compound yields a toluidide, as a heavy 
insoluble powder. 

Diacetoxymercuri-aceto "in -toluidide, prepared from the 1:3: 
4 : G compound, forms tufts of needles, M.ijt. 250° C., and may be 
con\‘crted to 4 : 6-dibromo-aceto*m-toluidide ; Q-acetoxymercurUaceto-m- 
toluidide melts at 192° C. and yields 6-bromoaceto*m-toluidide ; 2:5- 
diacetoxymercun-aceto-m4oluidide forms silky, white needles, M.pt. 183° 
to 184° C. 

Acetoxymercuri-p-toluidine,^ — The reaction is carried out in 
50 per cent, alcohol, and occupies two days. The product is purified by 
dissolving it in a mixture of ammonium acetate and hydroxide and 
adding acetic acid. It melts at 184° C,, is insoluble in water, slightly 
soluble in alcohol, ether, or benzene. 

With calcium chloride in alcoholic solution it gives the chloride^ 
prismatic crystals, M.pt. 170° C., insoluble in water, only slightly 
soluble in alcohol.^ The hydroxide crystalli.ses from a solution of the 
acetate in concentrated potassium hydroxide in yellowish plates, M.pt. 
212° to 2] 3° C, It is insoluble in the usual solvents. 

Mercuri-bis -p-toluidine is obtained from the preceding hydroxide, 
by the action of concentrated sodium thiosulphate. It crystallises in 
plates, M.pt. 15G° C. 

Condensation with Dinitrophenylpyridinium chloride .^~The pyridine 
compound (1 mol.) in methyl alcohol is added to the mereurated tolu- 
idine (1 mol.) in pyridine solution. A deep red coloration takes place 
on mixing and the whole is boiled for about thirty minutes. Then 
a slight excess of dilute hydrochloric acid is added to remove the 
}3vridine, and the precipitate washed with boiling acetone to remove any 
dini tramline. The pure substance is a brown powder, M.pt. 133° C., 
.soluble in chloroform. Formula : 

Me Me 

r, 

1^ Hg 1^1 

N-CH CH NH 

I II /\ 

CH CH H a 

\oh/ 

Hydroxymercuri-aceto-p -toluidide anhydride is obtained from 

1 Vecchlotti, Qazzetta, 1921, 51, 208 ; Pesci, Quzzeita, 1898, 28, ii. 445 ; Glmn. Zentr. 

1898, U. 546 ; anorg, Chm»., 1898, 17, 276. 

* 8tx* Klein, Ber„ 1878, il, 743, 

^ Eeitzenstein and Stamm, J. prakt Ghent., 1910, [2], 81, 150. 
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the toluidide and mercuric acetate in aqueou.s solution. It cr 3 ^stallises 
in leaflets, M.pt. 229° C. (corr. ). Formula : 

Hg.CeHaMcNhCOMe. 

Acetoxymercuri dimethyl-p-toluidine ^ crystallises from boiling 
benzene in colourless, slender, glistening needles, M.pt. 131*5° C., in- 
soluble in water, more soluble in methyl than eth}d alcohol. 

The following compounds are obtained from the acetate in the usual 
manner : — 

Chloride, ^'ely' fine needles, M.pt. 159° to 159-5° C., soluble in benzene, 
insoluble in water. Bromide, colourless, glistening needles, M.pt. 149° to 
150° C. Iodide, needles, M.pt, 120° C. Nitrate, using alcoholic calcium 
nitrate, colourless needles, lM.pt. 131° C., soluble in alcohol or benzene. 
Hydroaide, obtained by allowing acetate to stand with concentrated 
potassium hydroxide for twenty-four hours; colourless needles, M.pt. 
117° C., fairly soluble in hot water, slightly soluble in benzene or methyl 
alcohol. 

Mercuri-bis-{dimethyl-p-toluidine) is obtained when the above 
hydrate is treated with concentrated sodium thiosulphate, and when 
bromo-dimethyl-p-toluidine is heated with 1-5 per cent, sodium amalgam 
for forty-eight hours at 120° to 12*5° C., a little ethyl acetate being used 
as* catalyst. It crystallises in colourless, glistening plates. M.pt. C()° C., 
slightly soluble in benzene. 

Derivative.s of Benzidine. 

3(?)-Acetoxymercuri-benzidine.2 — This compound appears to be 
formed when benzidine and mercuric acetate react in glacial acetic acid. 
It is a brown product, decomposing at 138° to 140° C., and forming a 
hydrochloride, M.pt. 239° to 240° C. Diacetylbenzidine and mercuric 
acetate when heated at 120° to 160° C. give a crystalline compound, 
C/, 2 H«o 04 N 4 Hg, 3 H 20 , which seems* to be of indefinite composition. 

Derivatives or the Naphthyi, amines and their SurjpnoNic Acids. ^ 

2 1 4-Diacetoxymercuri-a-naphthylamine, 

NH, 

I'^-^lHg.OAc 

I I 

\/\/ 

Hg.OAo 

a-Xaphthylamine (4 2 grams) is dissolved in a mixture of 20 c.c. of 
alcohol and 20 c.c. of acetic add, then 50 c.c. of boiling water are added. 
To this hot solution, a hot solution of 10 grams of mercuric acetate in 
50 c.c. of water is added. An intense yellow precipitate is formed ; this 
gradually becomes white and crystalline, and is filtered off. Yield 9*5 
grams. The substance is coloured faint yellow by sodium hydroxide, 
but does not react with ammonium sulphide even on long standing. It 

1 Pewn, Oazzetta, 1898, 28, li. 445. 

2 Bernardl and Tartarinl, Oazzetta, 1937, 57, 223. 

2 Brieger and Schulemann, J, prakt. Chern,, 1914, 89, 140. 
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is very stable towards halogen salts. No iiionoiucrcmi derivati^‘e is 
i.solated. 

Tetra - acetoxymercuri a ^ acetonaphthalide, NHAe.CioH 3 (Hg. 
0.\c) i,^ from a-acetonaphthalide and 4 inols. of mercuric acetate, decom- 
poses at 220° C., and forms aqueous solutions which froth when shaken, 
are highly viscous, and coagulate when heated. 

1 -Acetoxymercuri - /S - naphthylamine. — /S-Naphthylaminc {l- t 
grams) and 3-2 grams of mercuric acetate in 25 c,c. of dilute acetic acid 
yield colourless crystals. These become intense yellow without dissolv- 
ing when treated wth concentrated sodium hydroxide, and ammonium 
sulphide readily reacts with the acetate i 
Mercuriphenyl - /S -naphthylamine , 

Hg< >NH.2EtOH 

M'' W / 

is formed by treating phcuyl-^-naphthylamiiic with dilute alcoholic 
mercuric, acetate containing a little acetic acid. It melts at 173° 0.,^ and 
crystallises with 2 mols. of alcohol. 

iS -Naphthylamine- 6 -sulphonic acid Derivatives.^ — The sodium 
salt of this acid in aqueous solution reacts with aqueous mercuric acetate 
if the compounds are allowed to .stand for a long time. A white product 
is obtained, which gives mercuric oxide when treated with sodium 
hydroxide. If the reaction mixture is boiled for five to ten minutes, a 
white body is again obtained, but this does not react with .sodium 
hydroxide. It is insoluble in all solvents*. To these two bodies the 
following formula; have been assigned : — 



Hg 


Hg-| 




1 1 1 


1 





Sodium naphthyl amine sulphonate (5-6 grams) is dissolved in 125 c.c. 
of boiling wmter, and a solution of 6-4 grams of mercuric acetate in 25 
c.c. of water is poured in. The mixture is boiled for a few minutes, then 
sodium hydroxide is added dropwise until complete solution is obtained. 
The whole is then quickly cooled to 70° C. and 150 c.c. of alcohol 
added, a yellow body being precipitated. The whole is cooled quickly, 
shaken, and filtered, the residue \vashed with 50 per cent, ^cohol, 
absolute alcohol, and finally with ether. A pale yellow powder is 
obtained which corresponds to the formula : 



Hg 



NaO, 



pH 



A pure white product is obtained from this by the action of an excess 
of sodium hydroxide. This product is soluble in water, aqueous alcohol, 
and dilute alkali. It does not react in aqueous solution with ammonium 

^ Rossi and Bocchi, Gazzetta, 192U, 56 , 817. 

2 Rossi and Ceoohetti, Gazzetta, 1925. 55 , 869. 

® Brieger and Bohtilemann, foe. cii. 
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sulphide, but with acetic acid a white precipitate is thrown out. This 
latter reacts with ammonium sulphide, and contains 1 mol. of water 
which cannot be removed b;^”" drying over phosphorus pentoxidc, hence 
formula I. has been assigned to it, although analysis points to II. Thus ; 



NaOaS! 



OH 



HgOH 



\/\/ 

I. 



NaO,Sl 






II. 



These mercurated naplithylamine sulphonic acids react immediately 
with halogen halides, the mercuiy being freed, and in the case of 
potassium iodide solution mercuric iodide separates. 

Monomethyl aminonaphthalene* and jS^dimethylaminonaphthalenc" 
0-sulphonic acids only reduce mercuric acetate to mercurous salt or 
metallic mercury. 

Naphthionfe acid Derivatives. — By the interaction of the sodium 
salt of this acid and mercuric acetate in the cold, white, finely divided 
precipitate is obtained. When this is boiled it becomes soluble in 
sodium acetate and acetic acid. It crystallises from the latter as a 
colourless body, which is only slightly a:^ected by sodium hydroxide, 
and only slowly attacked by ammonium sulphide. The following 
formula has been ascribed to it : — ^ 



H— 



/\ 



\OAc 

Hg 



\/\/ 

SO 3 - 



From a solution of 6-4 grams of sodium naphthionate and 6-4 gi'ams 
of mercuric acetate in 150 c.c. of water, treated with a large excess of 
sodium hydroxide, a colourless product is obtained. This does not react 
with ammonium sulphide, and towards halogen salts it reacts similarly 
to hydroxymercuri * jS * naphthyl amine - 6 - sulphonic acid {sodium salt). 
When dried over phosphorus pentoxide the bodj^' becomes- canary yellow, 
and on addition of water becomes white again. It has been formulated 
as the sodium salt of 2~kijdroxymereun~naphthionic acid. 



NHj 



SOgNa 



Using an excess of mercuric acetate does not produce dimercurated 
derivatives, the yellow solution becoming yellow*red on addition of 
alkali, but the colour is less intense than in the case of ^maphthylamine 
sulphonic acid. 

1 : 5-Naphthylamine sulphonic acid Derivatives. — ^The free add 
(2-4 grams) is dissolved in 25 c.c of water containing a little sodium 

^ Whitmore, Organic Compounds of Mer airy, Chemical Catalog. Co., prefers to consider 
the compound to be 2-ac6toxymercuri*naphthionic acid. 
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hydroxide, then dilute acetic acid is added until the solution is just acid- 
.Y solution of 6 4 grams of mercuiic acetate in 25 c.c. of water is poured 
in, and a fine canary-yellow precipitate is deposited. This is soluble 
in acetic acid, and becomes deep yellow when treated with sodium 
hydroxide, but excess of hydroxide yields no precipitate, but tends to 
decompose the substance, mercurous oxide separating out. The yellow 
product does not react with ammonium sulphide. The body is very re- 
active with halogen salts, the addition of sodium chloride to its solution, 
followed by ammonium sulphide, causes blackening at once. With 
potassium iodide the reaction is quantitative, and with potassium 
bromide nearly so. The substance is represented by the structure : 



-NH, 



iHgOAc 




CHAPTER VIIL 



MERCURY {continued). 



Derivatives of Aromatic Compounds containing Hydroxyl 

Groups. 

Most of the inonohydric phenols and their substitution products react 
with mercuric acetate under suitable conditions to give acetoxymercuri 
compounds. When phenol is treated with an aqueous solution of 
mercuric acetate at room temperature, three products arc formed : 




OH 


OH 


./"N 

j 




|/\HgOAc 


i 

\/ 




1 1 
\/ 


HgOAc 


HgOAc 


II. 


III. 



If, howe\ er, the reaction is carried out at 100° C., and no solvent used, only 
I- and II. are formed. 

The methyl and ethyl ethers of phenol arc more difficult to mereurate 
than phenol itself, and although ortho- and para-substituted mono- 
merenrated products can be made, no dimercurated derivatives are yet 
known . 

The nitrophenols differ from all other phenols, in that they are cap- 
able of forming anhydrides instead of acetoxymercuri derivatives when 
treated with mercuric acetate. When, for example, the sodium salt of 
o-nitrophenol is shaken with aqueoms mercuric acetate, it yields com- 
pound L; but if the nitrophenol is dissolved in warm water containing 
a little sodium hydroxide, and the mercuric acetate solution added drop- 
\rise, compound II. is produced. 



0 

ii 

/\=N0 



\/ 

Hg- 

I. 



OH 



HgOAc 



II. 



Compound I. gives the corresponding chloride and hydroxide when 
treated with hydrochloric acid and sodium hydroxide re^ectively, but 
bromine, or iodine in potassium iodide solution, replace the mercury by 
halogen, p -Nitrophenol is more difficult to mereurate than the ortho 
compound, and the reagents have to be boiled for a long period. 

4 : 6-Diiiitrophenol is uiiercurated by boiling for sixteen hours with 
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mercuric oxide in aqueous .solution, but picric acid j’iclds a product uhen 
shaken with aqueous mercuric oxide for se\*eral hours at 80*^ C. 

Dimethylaminophenol readily reacts with mercuric acetate in alcoholic 
solution, the operation going to completion in two minutes at 100’ C., 
but the compound formed slowly decomposes when kept. If, however, 
no solvent is used, no organic mercury derivative is formed. A rather 
unstable body containing two benzene nuclei connected by a mercuiy 
bridge is formed from m-hydroxyphenyltrimethyiammonium acetate, 
but its aqueous solution decomposes in a week. 

In the same way that the phenolic ethers are more difficult to mercur- 
ate than the phenols themsdves, so cresol methyl ether is less readily 
attacked by mercuric acetate than cresol, and requires five daj^s’ heating 
at 50’ C. to complete the reaction, a diacetoxymercuri compound only 
being produced. 

Thymol and carvacrol yield mono or dimercurated products accord- 
ing to the number of molecules of mercuric acetate used in the reaction. 

Safrol, eugenol methyl ether, apiol and isoapiol yield a mixture of 
two isomeric acetates, one of which is crystalline, the other syrujjy. 

Other methods have also been used for producing mercurated anisole.s 
and phenetoles of the type RHgX. (1) The type RaHg, e.g. mercury'’ 
dianisyl, is treated with an alcoholic solution of mercuric chloride- (2) 
The mercuric chloride addition products of the triaryl stibines, RgSb, 
HgCl 2 , are boiled in alcoholic solution. 

The RgHg compounds of the phenols are prepared by the usual 
methods, mercuri-bis-o-phenol being formed by the action of sodium 
thiosulphate on o-chloromercuri phenol, whilst the anisyl and phenetyl 
compounds are formed either by treating o-bromoanisole or phenetole 
with 1-5 per cent, sodium amalgam or by the action of alcoholic 
potassium iodide on o-iodomercuri anisole or phenetole. 

The follomng evidence has been collected to show the behaviour of 
mercurated phenols towards acids, bases, and salts; — 

o-Chloromercuri phenol in sodium hydroxide solution, when treated! 
with sodium nitrite at —4’ to —5° C., and the mixture acidified with 
concentrated sulphuric acid, yields p-nitrosochloromercuriphenol ; the 
latter when heated with a mixture of ammonium chloride, acetate, and 
carbonate for thirty minutes at 100’ C- is transformed into p-nitroso-o- 
cliloromercuri aniline. 

p-Chloromercuri phenol is decomposed when boiled \vith hydro- 
chloric acid, giving mercuric chloride and phenol, but with ethereal 
iodine solution, mercuric iodide and p-iodophenol result. 

Chloromercuri anisole and phenetole yield oxides when treated witli 
aqueous sodium carbonate solution, e.g. 0 (HgC 6 N 40 Me) 2 . 

4-Acetoxymercuri-m-dimethylaminophpnyl acetate is immediately 
decomposed by ammonium sulphide. 

Acetoxymercuri-p-cresol does not yield the corresponding iodide 
when treated with potassium iodide, but the mercury is' eliminated as 
mercuric iodide. Chloromercuri-p-cresol in alcoholic solution gives the 
anhydride of hydroxymercuri-p -cresol when a boiling sodium carbonate 
solution is added. The diacetoxymercuri derivative of p-cresol methyl 
ether is stable towards ammonium hydroxide or sulphide, but gives the 
chloride on the addition of aqueous sodium chloride. 

The crystalline chloromercuri comix)und obtained from safrol is stable 
towards ammonium sulphide or ammonium and sodium hydroxides, 
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but decomposed when boiled with dilute hydrochloric acid. The corre- 
sponding iodomercuri derivative, however, is decompased by hydrogen 
sulphide- Similar reactions have been noted with the crystalline chloride 
of eugenol methyl ether. 

Chloromercuri resorcinol is readily decomposed by sodium hydroxide 
and immediately 'by ammonimn sulphide, and the dichloromer«iri 
resorcinol is even less stable to sodium hydroxide. Diaeetoxymercuri 
resorcinol dimethyl ether does not give mercuric sulphide with ammonium 
sulphide, but only a jmllow precipitate. 

The stability of the mercurated a-naphthols towards alkali halides 
decreases from the chlorides to the iodides, potassium iodide eliminating 
the mercury as mercuric iodide. Diacetoxymercuri-a-naphthol is stable 
to ammonium sulphide. 2-Acetoxymercuri-l : 4-naphthol monosulphonic 
acid is very stable towards ammonium sulphide, but when warmed 
with sodium cHoride in acetic acid solution, mercury is split out, and 
l-acetoxymercuri-2 ; 6-naphthol sulphonic acid has similar properties. 
l--\cctoxymercuri-^-naphthoi is not blackened by cold ammonium 
sulphide, but gives mercuric sulphide on heating. 

The following table shows the positions taken up by mercury on 
entering the benzene nucleus. -All rings are numbered from the top 
(position 1 ) in a clockvise direction, irrespective of the group occupying 
that position. This method of numbering applies only to the table and 
not to the text. 
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* R-tert”butyl or isoamyl . ** These compounds ^ive two series of isomeric salts. 
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Derivative.s of Phenol. 



o~Chloromercuri phenol, HO.CeHi.HgCl.i— When an aqueous 
solution of mercuric acetate and phenol reacts at room temperature or 
by heating on the water-bath, three mercury compounds are obtained, 
two containing acetoxymercuri groups in the ortho- and para-positions 
to the hydroxyl group, and the third being a di acetoxymercuri derivative. 
The following method, due to ^\'hitmore and ISIiddleton, produces no 
dimercurated product, owing to the fact that no solventis used. Phenol 
(12 grams) is heated on a steam-bath, and 25 grams of mercuric acetate 
gi-adually added, the mixture being well stirred. When the solution of 
the acetate is complete, boiling water is added, and the whole boiled for 
a few minutes, after which a hot solution of 5 grams of sodium chloride 
is poured in. The p-chloromercuri phenol is at once precipitated and 
filtered off, the filtrate on cooling depositing crj’stals of the ortho 
compound. This product can be further purified by crystalli.sation 
from hot water, when glittering crystals, M.pt. 152*5° C., are deposited. 
It forms an acetyl derivative, M.pt. 170® to 171° C., which does not react 
\vith potassium iodide, but if heated wth concentrated hydrochloric 
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl 
compound is reduced to mei'curi-bis-o- phenol diacetate when acted upon 
by sodium thiosulphate, a yield of 80 per cent, being obtained. 

When o-chloromercuri phenol in sodium hydroxide solution i.s 
treated with sodium nitrite, the mixture cooled to —4° to —5° C., and 
acidified with concentrated sulphuric acid, p-'nitroso-o-chloromercuriphenol 
is formed, HO.CgH 3 .NO( 4 )HgCl( 2 ). This substance crystallises from 
xylene or anisole in light brown needles, which respond to Liebermaiui’s 
nitroso reaction and partially dissolve in ether, giving an intense green 
solution. Two grams of the nitroso compound, 2*4 grams of anunojiimn 
chloride, 6*6 grams of dry ammonium acetate, and 0-2 gram of ammon- 
ium carbonate when heated on the water-bath for thirty minutes with 
vigorous stirring yield p-nitroso-o-chloromercuri aniline^ NH 2 .CeH 3 .NO 
(4).HgCl(2). The melt is poured into 75 c.c. of cold water and allowed 
to stand thirty minutes, when a brown amorphous precipitate settles out. 
This is filtered, well washed, dried, and crystallised from anisole. Its 
solutions in benzene and ether are green, in alcohol reddisli-j^ellow. 

When 2-43 grams of o-chloromercuri phenol in a freezing mixture are 
treated with the diazotised solution from 7 grams of m-amino-leuco- 
malachite green in 50 c.c. of water and 6 grams of hydrocliloric acid 
(density 1*18) a dark green precipitate is obtained, which is brown- 
black when dry. It is tetramethyldiaminotriphenyhnethane-azo-o-chloro- 
mercuri phenol and has the following constitution t — ^ 










/\HgCl 

\/ 



\/ 



.L_n=n- 



* DimrotJi, 5er., 1902, 35, 2853 ; AVtltniore and Middleton, J. Amer. Chem. 80 c., 1921, 
43» 619. 

* Reltzenstein and Bonitsch, J.praH. Chem., 1912, [2}, 86, 73. 
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o-Acetoxymercuri phenol. — This product is obtained by a 
similar method to AVhitmorc and Middleton’s o^chloromcrcuri phenol, 
i.e. using no solvent hi the reaction. The compound crystallises in long 
needles or ivhite, hexagonal, or rhombic prisms, M.pt. 157° C., decompos* 
iiig at 210° to 215° C. In the usual way tlic folloiwng derivatives may 
lie jirepared ; hydroxide ; intei'nal oxide ; brom.ide, slender, silky 
needles, M.pt. 130° to 132° C., the liquid becoming turbid at 190° C. and 
decomposing at 195° C. ; iodide, stellar aggregates of microscopic 
prisms, M.pt. 121° C., the clear red liquid becoming turbid at 170° to 
180° C., and decximposing at 200° to 210° C, ; nitrate, infusible compound, 
blackening about 200° C. ; the sulphate and hydroxide arc white, infusible 
powders, 

p-Acetoxymercuri phenol crystallises in slender needles or 
triangular prisms, M.pt. 165° C., decomposing at 210° to 215° C . ; 
the bromide forms scales, M.pt. 144° to 146° C., decomposing at 
200° to 210° C.; the iodide, a white powder, M.pt. 134° to 135° 
C., decomposing at 200° to 210° C. ; the nitrate, white crystals, de- 
composing at 210° Cl; the sulphate, and hydroxide are white, infusible 
compounds. 

Diacetoxymercuri phenol," — Phenol in eoncentrated aqueous 
solution is treated wdth mercuric acetate, w'hen a white precipitate 
separates out, the reaction being aecelerated if heat is applied. This 
product crystallises from dilute acetie acid in needles, M.pt. 216° to 
217° Cl The mother-liquor from this preparation contains o- and 
p-acetox}*mercuri phenols.. Treatment of the diacetoxy compound with 
sodium chloride gives the dichloromercuri phenol, a white powder, M.pt. 
258° C. with decomposition.^ 

p-Ghloromercuri phenol.^ — ^The preparation of this mercury 
compound has already been dealt with above. It crystallises from 
acetone or alcohol in needles, M.pt. 219° to 220° C. or 224° to 225° Cl, 
both figures being given in the literature. The sodium hydroxide 
solution when treated with alcohol yields the sodium salt, which on 
lx)iHng with alcoholic methyl iodide yields p-anisylniei'curic chloride. 
Boiling with hydrochloric add gives mercuric chloride and phenol, and 
ethereal iodine solution gives mercuric iodide and p-iodophenol. The 
acetyl derivative melts at 235° C., and with sodium thiosulphate a 50 per 
cent, yield of mercuri-bis-p-phenol diacetate results. 

Mercuri-bis-o -phenol, H0.C6H4.Hg,C6H4.0H.— o-Chloroiiiercuri 
phenol dissolves in sodium thiosulphate solution, giving a dear solution 
which rapidly becomes cloudy, a white precipitate eventually separating 
out. In small quantities it may be recrystallised from alcohol, if the 
operation be conducted rapidly, small, white, glistening tablets being 
obtained- It is easily soluble in ethyl acetate or acetone, insoluble in 
water, benzene, ether, or chloroform. When heated alone its colour 
changes to gray without melting, but the alcoholic solution when rapidly 
boiled soon decomposes, metaUic mercury separating out. It has the 
characteristic properties of a phenol, being soluble in caustic alkali, 

1 Mameli, GazzcUa, 1922, 52 , 1 . 352. 

® Dimrotli, Ber., 1898, 31 , 2m ; 1902, 35 , 2853. 

® Mameli and rocconi, Gazzetta, 1922, 52 , ii. 113. 

* lieBesquellc, B^iU. Boc. chim., 1894, (3), ii, 268; J^imroth, Ber., 1898, 31 , 2155; 
1899, 32 , 761 ; <:Jrutzuer, Arch. Pharm., 1899, 236 , 622,- WMtmore and Middleton, J. Amer 
Chem. Soc., 1921, 43 , 619, 
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insoluble in sodium carbonate, and is preei]ntated michanged from its 
•dkaliue solutions by carbon dioxide.^ 



Derivatives or AyisoiF.r 

Mercuri-bis-o-anisole. — The best method of obtaining this com- 
pound is that due to AVhitmore and Middleton, which consists of heating 
o-iodomercuri anisole with alcoholic potassium iodide solution in a 
reflux apparatus. It also occurs as a by-product in the preparation of 
o-iodomercurianisole, from which compound it may also be derived by 
the action of sodium stannite solution. 

The usual method for preparation of compounds of the type K-oHg is 
also available, namely, heating together o-bromo anisole and 1-5 per 
cent, sodium amalgam. 

It crystallises from hot alcohol in prisms, M.pt. 108° C., soluble in 
chloroform and benzene. When treated with mercuric chloride in 
alcolrolic solution it yields the chloride, and when dissolved in hot acetic 
acid, o-acetoxymercuri-anisole (M.pt. 123° to 124° C.) is formed, which 
may be precipitated by the addition of water. 

o-Chloromercuri anisole. — This was first obtained in small yield 
by Diniroth, when dry mercuric acetate was warmed with excess of 
anisole. -A.fter removal of the p-acetoxymercuri anisole, the mother- 
liquors are treated with sodium chloride, and the mixture steam distilled, 
the excess of anisole passing over; the product is recrystallised from 
benzene, and has M.pt. 1T3° to 174° C. It crystallises from alcohol in 
needles and from chloroform in plates. When obtained by heating 
mereuri-bis-o-anisole (1 gram) with 0-7 gram of mercuric chloride in 
25 c.c. of alcohol for fifteen minutes, the crystals melt at 177° to 178° C. 
The corresponding bromide melts at 183° C. 

o-Iodomercuri anisole is best prepared by gently heating an 
alcoholic alkaline solution of o-chloromercuri phenol with methyl iodide ; 
it is also formed when the chloride is treated with potassium iodide 
solution. It crystallises in colourless needles, M.pt. 165° C., which 
react with alcoholic potassium iodide to form mercuri-bis-o-anisole. 

Mercuri-bis-p-anisole.® — p-Bromoanisole (100 grams), 80 grams 
of xylene, 1/10 the volume of ethyl acetate, and sufficient 1-5 per cent, 
amalgam to give double the quantity of sodium required in the reaction 
are heated in an oil -bath at 160° C, for twenty-four hours. The flask 
should be frequently shaken, and more ethyl acetate added at eight- 
hour intervals. The residue obtained crystallises from hot benzene 
in transparent needles, 200 grams of p-bromoanisole yielding about 
80 grams of pure product. It melts at 202° C., sublimes on strong 
heating, and is readily soluble in hot benzene or cold chloroform. Pro- 
longed heating with hydrochloric acid decomposes it to anisole and 
mercuric chloride. It readily reacts with phosphorus and bismuth 
chlorides, forming mercuric chloride and phosphorus or bismuth anisyl 
halides. 

^ For mercury compounds of p-chlorophenol, see German Patent, 234851 ; phenol 
and cresol sulphonic acids, German Patent, 410969 ; phenol-p.sulphonlc acid, Rupp 
and Herrmann, Ardi. Pharm., 1916, 254, 500. 

® Dimrotli, Ber., 1902, 35, 2853 ; Manchot, Annakn, 1920, 421, 340 ; Whitmore and 
Middleton, J. Amer. Okem. Soc., 1923, 45. 1753 ; Michaelis, Ber., 1894, 27, 257. 

® Michaelis and Rabtoerson, Her., 18^, 23, 2342. 
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p-Chloromercuri anisole may be obtained ; 

1. By miidng alcoholic solutions of mercuric chloride and mercury 
dianisyl, 

2. By boiling the alcoholic solution of the double salt of trianisyl 
stibine and mevciiiic chloride, {O^Ie.CeH 4 ) 3 Sb.HgCl 2 .^ 

.3. By adding sodium chloride* to the product obtained when 1 mol. 
of anisole and 1 mol. of mercuric acetate react in aqueous solution. ^ 

It crystallises in colourless, pearly plates, M.pt. 239° C,, readily 
.soluble in hot benzene or cold chloroform, but n'ith difficulty in alcohol . 
ATith arsenic trichloride on heating it forms anisyl dichloroarsine.^ 

The bromide is a similar compoimd, M.pt, 187° C. ; the iodide forms 
colourless plates, il.pt. 227° C., and may be prepared by the use of 
potassium iodide, or by heating p*hydroxymercnri phenol with methyl 
iodide in alkaline alcoholic solution. 

The compound mentioned in method 3 above, obtainable from 
mercuric acetate and anisole, is stated by Manchot to possess the formula : 

(C^HsO.HgOHjOH or ChH 80 .Hg( 0 H )2 

It crystallises in white needles, sintering at 164° C. and melting at 169° 
C, .Another method of preparation is as follows: 7*8 grams of anisole 
{1 mol.) and 70 grams (3 mols.) of mercuric acetate in 700 c.c. of 
water arc maintained at 50° C. and .sliaken for half-hour periods during 
three to four days. The product when crystallised from 25 per cent, 
acetic acid is obtained in fine needles, M.pt. 173° C., and although its 
melting-point differs from that of the first preparation, analysis shows 
the two comjmnnds to be identical, Tbe substance is unchanged when 
treated with sodium hydroxide, ammonium hydroxide, or sulphide, but 
decomposes when warmed with dilute hydrochloric add. The above 
formnlse have recently been criticised by Dimroth,^ who has shown that 
Manchot's compound consists of a mixture of p-acetoxymerenri anisole 
and 2 : 4-diacetoxymercuri anisole, M.pt. 197° C. 

p-Acetoxymercuri anisole. MeO.CeIl 4 .HgOAc. — Dry mercuric 
acetate and excess of anisole (8 mols.) are heated on the water-bath 
until a test portion gives no precipitate with sodium, hydroxide. The 
solution on cooling deposits crystals of the acetate, which crystallise 
from dilute alcohol in needles, M.pt. 176*5° C. The mother-liquors 
from this preparation contain o-acetoxymercuri anisole. 

A similar product is obtained when mercuri-bis-p-anisole is dissolved 
in acetic acid. The substance yields the chloride when treated with 
aqueous sodium chloride. 
p-Anisylmercuric oxide, 

/Hg.CgH^.OMe 

\Hg.C6H4.0Me 

When the preceding halogen compounds are treated with aqueous 
sodium carbonate, the oxide is deposited as the solution cools. It 
crystallises from alcohol in fine, wMte needles, M.pt, 177° C>, easily 
soluble in alcohol or hot sodium carbonate, but with difficulty in water, 

■ 1 Loloff, Ber„ 1897, 30, 2830, 

* Mancliot, Annalen,, 1920, 421, 340. 

® Roeder and Blaise, Ber., 1914, 47, 2752, 

* Diniroth, Ber., 1921, 54, [B], 1504. 
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The solution has an alkaline reaction and absorbs carbon dioxide from 
the air. 

Derivatives of p-Allyl anisole. Methyl chavicoL^ — When 
treated with mercuric acetate this compound yields a syrup, from which 
two chlorides and bromides are obtainable. The first chloride is soluble 
in alcohol but insoluble in water, and forms white, glistening needles, 
M.pt. 81° to 82° C > ; the isomeride forms a resinous mass, insoluble in 
alcohol. The second chloride hardens when first heated, but softens 
at 55° C. without showing any definite melting*poiiit, and both isomers 
yield p*aliyl anisole on reduction. The acetate gives a bromide, white 
needles, M.pt. 70° C., and also a resinous isomeride. 

Derivatives of Phenetole. 

Mercuri-bis~o-phenetole is obtained : 

1 . By heating o-iodomercuri phenetole under reflux ivith alcoholic 
potassium iodide, thiocyanate, or sodium thiosulphate.^ 

2 . As a by-product in the preparation of o-iodoniercuri phenetole 
(see below). 

3. From o-broniophenetole and sodium amalgam.^ 

The substance crystallises in needles, M.pt, 83° C., is soluble in the 
usual organic solvents, and has similar properties to the anisyl derivative. 

The following compounds have been obtained from it in the usual 
manner: o-acetoxymercuri phenetole, tablets, M.pt. 150° to 155° C.; 
chloride, needles, M.pt. 132° C. ; bromide, needles or prisms, M.pt. 121 ° C. ; 
iodide, needles or prisms, M.pt. 111-5° C. Whitmore’s preparation of 
the latter compound is of interest. Five grams of o*chloromercnri 
phenol in 50 c.c. of 50 per cent, alcohol, 0-7 gram of sodium hydroxide, 
and 3s5 grams of ethyl iodide are gently heated on the water- bath 
for one hour. On cooling a small quantity of merciiri-bis-o -phenetole 
separates out and is removed. Addition of water precipitates the 
iodide. Yield 7 grams. 

Mercuri-bis-p-phenetole separates as leaflets from beiixene, 
M.pt. 135° C. It is obtained by the amalgam method. 

p-Acetoxymercuri phenetole occurs as tablets, sintering at 100° C. 
and melting at 162° C. It is prepared by the same methods as used for 
the anisyl compound. 

p-Chloromercuri phenetole. — The melting-point of this compound 
appears to differ slightly according to the method of preparation. From 
the acetate by aqueous sodium chloride, the M.pt. is 234° C. ; ^ from 
mercuri-bis-p-phenetole and mercuric chloride, M.pt. 241-5° C. from 
the compound EtO.C 6 H 5 .Hg(OH) 2 , and sodium chloride, M.pt. 238° C.® 
It may also be prepared by boiling an alcoholic solution of (CgKgO) 3 Sb. 
HgClj. The bromide crystallises in needles or leaflets, M.pt, 241-5° C., 
and the iodide in needles, M.pt. 216° C, The oxide is deposited in fine 
needles from alcohol, M.pt. 202 ° C. 

The compound, EtO.CgH 5 .Hg(OH) 2 or {EtO.CeHs,HgOH)OH, is pre- 

1 Balbiano and Paoliui, Ber., 1903, 36, 3580; Qazxetta, 1906, 36, 1, 264; Balbiano, 
Ber., 1909, 42, 1505. 

* Whitmore and Middleton, J. Amer. Chem, Soc., 1923, 45, 1753, 

® Michaelis, Ber,, 1894, 27, 261 ; Dimroth, ibid., 1899, 32, 7.58. 

* Dimroth, he. cit ; Mlchaelis, Ber., 1894, 27, 259. 

® Mlchaelis, he. cii. 

* Manchot, Anmlen, 1920, 421, 340. 
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pared as follows ; 12-2 grams of plieuetole (1 mol.) and 31-8 grams of 
mercuric acetate in 318 c.c. of water ai*e heated at 50° C. for ten days, 
with frequent shaking. Yield 18 grams. It crystallises from dilute 
alcohol in small needles, M.pt. 135-5° C., from methyl alcohol in spherical 
or globular aggi-egates, from water in hue silky needles. When warmed 
with dilute hydrochloric acid it decomposes, but with 10 per cent. 
jK)tassium bromide, a bromide, M.pt. 193° C., is isolated, which is probably 
an impure form of the bromide referred to above, M.pt. 241-5° C. It 
has been stated more recently^ that the compound, EtO.CgH5.HgOH, 
can be separated into p-acetoxymercuri phcnetole and 2 : 4-diacetoxy- 
mercuri phenetole, M.pt. 183° to 184° C. 



Hekivativks of Nitrophkxols. 



Anhydride of 4-hydroxymercuri-2-'aci-nitrophenol,- 

o 

II 



\/ 

Hg- 



-0 



The sodium salt of o-nitrophenol is shaken with the calculated amount 
of mercuric acetate in aqueous solution, when the anhydride separates 
out as a yellow precipitate. When treated with bromine or iodine in 
pota.ssium iodide, bromo*2*nitrophenol and iodo-2-nitrophenol result. 

4-Chloromercuri-2-nitrophenol is formed when the above 
anhydride is treated with hydrodiloric acid. It forms colourless solu- 
tions in acetic acid or acetone, but yellow solutions in pyridine ; it is 
somewhat soluble in alcohol or ether and insoluble in chloroform. 

4 -Hydroxymercuri -2 -nitrophenol fonns pale yellow crystals, M. pt. 
240° to 250° C., obtained by treating a sodium hydroxide Solution of the 
anhydride with dilute sulphuric acid. It is readily soluble in acetone, 
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal- 
lises from alcohol in dark red crystals. 

4-Acetoxymercuri-2-nitrophenoL^ — To a warm solution of 
10 gram.s of o-nitrophenol in 200 c.c. of water and 10 c.c. of 40 per cent, 
.sodium hydroxide, a solution of 22-3 grams of mercuric acetate in 200 c.c. 
of water plus a few drops of acetic acid is added drop by drop. The 
precipitate first formed is orange, but after two hours’ stirring this 
becomes pale yellow, when it is filtered and washed with very dilute 
boiling acetic acid. The product obtained is dissolved in 5 per cent, 
sodium hydroxide, filtered and re-precipitated by acetic acid, the result- 
ing substance after washing and drying weighing about 16 grams. It 
is easily .soluble in hot glacial acetic acid, but insoluble in ordinary 
organic solvents.'* 

6 -Acetoxymercuri -2 -nitrophenol .—A mixture of 15 grams of 
o-nitrophenol and 3 grams of mercuric acetate is gradually heated to 150° 



^ Dlmroth, Ber., 1921, 54, [B], 1504. 

" Hantzscli and Amid, Ber., 1906, 39, 1105. 

s Raizisa and Proskouriakofif, J. Amer. Chem, Soc„ 1922, 44, 787; see Hodgson, ibuL, 
1927, 49, 2840. 

^ Hodgson, he. eii. 
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C. during one hour, then kept at 140° to 150° €. with frequent shaking 
for four hours. The reaction mixture is then treated with a saturated 
solution of sodium chloride and steam distilled. From the non*Volatile 
residue 2 grams of Q-chloromercuri-2~nitrophenol is obtained by extraction 
with boiling alcohol. The light brown colourless residue is dissoh'ed in 
dilute sodium hydroxide, filtered and re -precipitated by acetic add. 
Crystallisation from acetic acid gives a pale brownish-yellow product, 
unmelted below 300° C. The product is transformed by iodine in 
potassium iodide to 6dodo-2-nitrophenol. 

The melting-points and crystalline forms of the 6- and 4-halide- 
mereuri-'2'mtrophenols is as follows *. 6-fluoro-, pale yellow plates, M.pt. 
187° C. ^ Q~c]tloro~f pale yellowish-brown rectangular plates, M.pt, 
185° C. ; G-hromO‘, pale yellow plates, M.pt. 177° C. ; G-iodo~, deep 
yellow needles, M.pt. 215° C. ; 4>-fliioro~, micro-cly^stalline plates, M.pt. 
195° C , ; 4i-chlorO‘, creamy yellow micro clusters, M.pt. 205° C. ; 4- 
hromo'f needles, M.pt. 236° C. ; 4*^odo-•, bright yellow needles, M.pt, 
above 300° C. 

Sodium - 6 - hydroxymercuri ~2 ~ nitrophenolate gives scarlet 
ciystals; the 4*conipomid is deeper red.^ 

Anhydride of 2-'hydroxymercuri-4*'aci-nitrophenol,^ 



0 

II 
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\/ 

II. 





NO — 0 

This product is a yellow powder, formed by prolonged boiling of a dilute 
alcoholic solution of mercuric acetate with sodium pmitrophenoxide- 
It yields a double salt with pyridine, which is a scarlet powder decom- 
posing at 190° C. into its constituents. The mercury must be ortho to 
the hydroxyl group, since 2 : 6-dibromo-p-nitrophenol does not yield a 
corresponding derivative. The anhydride does not react with potassium 
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and 
o-iodo-p-nitrophenol . 

2-Chloromercuri*4-nitrophenol occurs as colourless crystals, 
M.pt, 175° C, It may be obtained by adding hydrochloric acid to the 
anhydride, or by treating the mixture used in the preparation of the 
acetoxymercuri compound with warm dilute sodium hydroxide, when 
an orange deposit of the monosodium salt appears on cooling. This is 
filtered off, dissolved in water, and the solution acidified with hydro- 
chloric acid, when the chloride is deposited as a white precipitate, which 
is recrystallised from 50 per cent, alcohol. The chloride i.s soluble in 
alcohol and ethyl acetate. 

2 -Hydroxymercuri -4 -nitrophenol, obtained from the sodum 
.salt, is an amorphous powder, M.pt. 206° C,, soluble in acetone, alcohol, 
or acetic acid, giving colourless solutions, but a slightly yellow solution 
in pyridine. Its sodium salt contains 0-5 mol, of water of crystallisation, 
is easily soluble in water, and darkens when heated. 

2-Acetoxymercuri-4-nitrophenol. — Aqueous solutions of equi- 

1 For compounds from o-mtrophenol 'with mercuric nitrate smd 4-chloro-2-nitroplienol 
with mercuric oxide, see German Patent, 234851, 

2 Raiziss and PrQsfeom-iafcQff, he. cU. 

VOL, XI, : I. 
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molecular quantities of mercuric acetate and sodium p-nitrophenolate 
are boiled for two hours, the yellow precipitate washed with water and 
recrystalliscd from hot glacial acetic acid. This compound is dried for 
three days over calcium chloride and found to contain some dimercurated 
derivative when analysed.^ 

2 ; 2'-Mercuri-bis-4-mtrophenol ^ is isolated from its sodium salt, 
the latter being obtained from the corresponding oxide by reduction with 
sodium sulphide. This oxide is formed from sodium p-nitrophenolate 
and mercuric acetate, the two being boiled in aqueous solution. 

Anhydride of 2-Hydroxymercuri-4-aci-'nitro-6-nitrophenol,^ 

0 

II 

< I 



II I 

NO — 0 



Freshly precipitated mercuric oxide and the calculated quantity of 
dinitrophenol are boiled together in aqueous solution for sixteen hours, a 
lemon*yellow powder resulting which is only slightly soluble in water or 
alcohol, and insoluble in other solvents except pyridine. When heated 
with the latter it forms a double compound which may be precipitated 
b}* the addition of ether. This derivative is dark yellow in colour and is 
decomposed when heated, and in aqueous solution it yields no mercury 
ions. ^"i’hcn the anhydride is treated with bromine, o-bromodinitro* 
phenol is fomicd, and with dilute hydrochloric acid the chloromercuri 
de^i^‘ati^‘e is obtained, a colourless, crj'stallme powder, M.pt. 182° C. 
with decomposition. 

2-'Hydroxymercuri-4 : 6“dinitrophenol, obtained as a micro- 
cr\'stalline powder from alcohol, is neutral to litmus. It may be pre- 
pared from its sodhim salt. The latter is formed when the chloride 
is treated with concenti-ated sodium hydroxide, and it crystallises from 
water or alcohol in orange-red prisms containing 1 mol. of water of 
ciy'stallisation, and which explode when strongly heated, 

Anhydride of 3 - hydroxymercuri-4-aci-nitro -2 : 6 -dinitro- 
phenol, 

0 



II 

NOs^NOfi 

II I 
NO— 0 



Mercuric oxide (8-4 grams) is shaken for several hours with a solution of 
IS grams of picric add in 800 c.c, of water at 80° C., when orange-yellow 
needles separate. If this mixture is then boiled the anhydride results. 
It yields small, pale yellow crystals which are only slightly soluble in 
the usual solvents and decompose without melting. In aqueous solu- 
tion it is a non-electrolyte, and with dilute hydrochloric acid the chloro- 

1 Rafziss and ProskouriakofE, J. Amer. Ohem. Soc., 1922, 44, 787. 

* Foumeau and Vila, J. PJiarm. Ghim., 1912, [vii.j, <5, 433. 

® Hantzseh and Auld, Ber., 1906, 39, 1105. 
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mercuri compoimcl is formed, pale yellow crystals, M.pt. 118° C. These 
crystals with sodium hydroxide gi^*e the sodium salt, yellow needles, 
which ill turn are decomposed by dilute snl]ihuric acid, yielding the 
lujdnmjmercuri derivative . 



Derivatives oe Ajviinophenols. 



2 ; 2'-'Mercuri“biS"4“aminophenon is obtained fimn the corre-- 
spending nitro compound by reduction in alkaline solution with sodium 
hydrosulphite. It forms heavy needles, insoluble in water, but readily 
soluble in alcohol. The hydrochlm-ide crystallises in brilliant needles, 
soluble in water. The free base in alkaline solution is rapidly oxidised 
on exposure to air, and its acetyl derivative crystallises in slender needles, 
soluble in alkali, forming stable solutions. 

4-Acetoxymercuri-m-dimethylaminophenol2 



NMea 

/X 



HgOAc 



A solution of 2-8 grams of m*dimethylaminophenol in 10 c.c. of alcohol 
is mixed with 7 grams of 90 per cent, mercuric acetate in 30 c.c. of water. 
A jelly forms, and this when heated for two minutes on the water-bath 
melts, and yellow crystals separate. The precipitate is collected, 
washed with water, and dried in vacuo. Yield 7-4 grams, 92 per cent. 
It forms dirty yellow crystals, insoluble in the usual solvents, except 
pyridine. It dissolves in sodium hydroxide, and the solution may be 
boiled without decomposition. In water it only dissolves to a slight 
extent, the solution giving mercuric sulphide on addition of amnioniuin 
sulphide. When the dry product stands for two weeks metallic mercury 
separates out. If the substance is slowly heated it melts with decom- 
position at 100° to 110° C. 

When m-dimethylaminophenol is heated with mercuric acetate in 
equimolecular proportions mercury is precipitated, and a mercury-free 
pink dye is formed. 

The acetoxymercuri compound when methylated yields 4-ncetoari/- 
mercuri-in-dimethylaminoanisole hydrochloride, pink leaflets, M.pt. 140° 
to 150° C., and at 190° C. it decomposes with evolution of gas and 
formation of a pink, fluorescent dye. 

4-Acetoxymercuri-m-dimethylaminophenyl acetate is pre- 
pared as above, using m-dimethylaminophenyl acetate. Yield 78 per 
cent. It forms colourless crv^stals, M.pt. 110° C. (corr,), readily soluble 
in hot alcohol. The cold al<x)holic solution with ammonium sulphide 
gives a yellow precipitate which blackens in a few minutes. When the 
substance is warmed for a few minutes with dilute sodium hydroxide, 
cooled and neutralised with acetic acid, ammonium sulphide immedi- 
ately gives mercuric sulphide. This is no doubt due to the hydrolysis of 
the acetyl group by alkali and the formation of the less stable mercury 
derivative of m-dimethylaminophenol. The dry acetate blackens when 
kept for several months. 

1 roumeau and Vila, J. Pharm. Chim., 1912, [wi.], 6 , 433. 

* Kharas&li and ChalHey, J. Amer. Ohem. 8oc., 1924, 46 , 1211, 
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Mercuri-bis-m-liydroxyphenyl-trimethylammonium acetate. 
— A solution of 5-G grams of m-liydroxyphenyl*trimftliylaTnmonmm 
iodide in 20 c.e, of water is shaken with the silver oxide from 4-6 grams 
of sih'er nitrate. After ten minutes the solution is- filtered and neutral- 
ised with acetic acid. It is mixed with a solution of 7-1 grams of 90 per 
cent, mercuric acetate, and the mixture heated until a test portion gives 
a yellow and not a black precipitate with ammonium sulphide. The 
solution is evaporated to dryness in vacuo and the residue dissolved in 
about 15 c.c. of alcohol, and 275 c.c. of acetone added. The solution is 
warmed until clear, then the liquor poured off, 450 c.c. of acetone added, 
and the whole allowed to stand for twenty-four hours, when colourless 
crystals separate. These are collected and dried in vacuo. Yield 2*2 to 
2-8 grams, 53 to 69 per cent., calculated on the following equation *. — 
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It may be purified by solution in alcohol and precipitation with 
acetone. The substance is a white, very hygroscopic powder, which 
melts with decomposition and evolution of gas at 116° to 117° C. (corr.). 
It is soluble in water or alcohol, but insoluble in ether. Its aqueous 
solutions decompose on standing for a week, yielding a white precipitate 
and inorganic mercury in solution. 

3-Chloromercuri - m - hydroxyphenyl - trimethylammonium 
anhydride. — ^A solution of 2-3 grams (1 mol. equivalent) of the pre- 
ceding compound in 5 c.c. of 60 per cent, alcohol is treated with 0-9 
gram (0-9 molecular equivalent) of mercuric chloride in 12 c.c. of 60 
per cent, alcohol. The suspension is shaken and gently warmed until 
practically all the precipitate has dissolved, the liquor poured off and 
allowed to stand for twenty-four hours. From this, 0*6 gram of solid 
is obtained, 25 per cent. The dry compound is insoluble in cold water, 
but readily dissolves in dilute acetic add. It melts with decomposition 
at about 180° to 150° C., turning purple. 

2 ,* 6-Diacetoxymercuri - p - hydroxyphenyl - trimethylam- 
monium acetate, C6H2(l)OH(4)NMe3.0COCH3(2 : 6)(HgOAc)2, fomis 
large colourless needles which, when slowly heated, decompose with gas 
evolution at about 155° to 160° C. It is extremely soluble in water, 
insoluble in benzene, acetone, or ether. 

2 - Chloromercuri - p - hydroxyphenyl - trimethylammonium 
acetate, C6H3(l)0H(4)NMe3.0C0CH3(2)HgCl, obtained from the 
mother-liquors of the preceding compound, decomposes at 155° to 160° C., 
turning blue-green. It is soluble in pyridine, sparingly in water, and is 
stable when dry. 

3 ; 5 - Dichloromercuri - o - hydroxyphenyl - trimethylam- 
monium anhydride. 



— NMes 

ro 

ClHgls^Hga 

The product of reaction between o-hydroxyphenyltrimethylammonium 
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hydroxide and mercuric acetate is treated with sodium chloride. The 
compound is practicall)* insoluble in water, but dissolves in dilute 
sodium hydroxide, acetic acid, or i^yridine. \i*hen heated it suddenly 
becomes violet at about 200'" to 210° C,, and 5° or 10° hi^dier suddenly 
?)eeomes brick-red and decomposes. 

(4:6)? Dichloromercuri - m - aminophenyl - trimethylam- 
monium acetate is obtained by the action of mercuric acetate on m- 
animophenyl-trimethylammonium chloride. It forms colourless or pale 
brown crystals which decompose at 200° C. It is sparingly soluble in 
water, the solution giving an immediate black precipitate with ammon- 
ium sulphide.^ 



Derivatives of Cresols. 



The mcrcuration of o-ci*esoi In* mercnric acetate in aqueous acetic 
acid solution, using equimolecular quantities of the reagents, gives rise 
to three products, in \*iclds as given below : ^ 





OH 
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HgOAc 




HgOAc. 



50‘3 to 62-3 per cent. 13-4 to 20-7 per cent. 2-6 to 7-0 per cent. 



4-'Acetoxymercuri“0-cresol (I.) melts at 15^3° to 155" C, and dv- 
coniposcs at 186° to 190° C. ; it is converted liy bromine into 4-broina-o-- 
cresol, and yields a chloromercuri compound, melting with decomposition 
at 200° to 202° C., and a nitratomercuri derivative, M.pt. 212° to 213° C. 
with decomposition, 

6 ~Acetoxymercuri-o -cresol (II.) melts at 123° to 125° C. and 
decomposes at 191° C., and, is transformed into 6-bromo-o-cresol on 
bromination. Its chloride and nitrate melt at 160° to 162° C. and 208° to 
210° C, respectively with decomposition. 

4 : 6 -Diacetoxymercuri-o -cresol (III.). — The yield of the product 
may be increased by raising the temperature in the above reaction or by 
using 2 mols. of mercuric acetate- The diacetoxy compound melts 
w*ith decomposition at 192° to 195° C,, and yields dichloromercuri and 
dinitratomercuri derivatives, melting with decomposition at 210° to 212° 
C. and 222° C. respectively. The above three compounds when nitrated 
give t : 6-dinitro-o-cresol, 

2 : 6-Diacetoxymercuri-p-cresol,^ 



OH 

AcOHg|/'^|HgOAc 



\/ 

CH3 



When p-cresol is mercurated, using mercuric* acetate, two products are 
formed, one a monoaeetoxymercuri and the other a diacetoxy mercuri 

^ For mechanism of merouration of o-aoetaminoplieiiols, see Mascliiiiami, Ann{tlm, 
192(5, 450 , 85. 

* Mameli, {lazzeUa, 1926, 56 , 948. 

® Dimroth. B r., 1902, 35 , 2853. 
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compomid. To 21 ‘6 grams of mercuric oxide in 500 c.c. of ^vater, 
10-8 grams of p*cresol in a little alcohol and 18 grams of acetic acid are 
added. If left at room temperature the reaction is complete in two 
days, but if carried out at 90° C. it only takes thirty minutes. The 
mixture is filtered whilst hot, and the residue is almost pure diacetoxy- 
mercuri compound. It crystallises from dilute acetic acid in granular 
crystals, which contain 1 mol. of water of ciy^stallisatioii when dried in 
air, and when heated it decomposes at about 200° C. without melting. 

Chloromercuri-p-cresol is obtained from the warm mother- 
liquors in the abo\*e preparation by the addition of sodium chloride. It 
separates in fine needles, which are contaminated with the chloride from 
the diacetoxy compound. To effect a separation the mixture is treated 
with cold alcohol, the solvent partially removed, and the substance 
precipitated by water and recrystallised from hot benzene, when long 
branching needles are obtained. These are readily soluble in cold 
alcohol and melt at 166° C. to a clear liquid, which at 176° C. becomes 
turbid, and again solidifies at 1 83° C. Its benzoyl derivative melts at 241 ° 
to 242° C. The corresponding iodide cannot be obtained by the addition 
of potassium iodide to the acetate, since this precipitates mercuric 
iodide; but when the chloride is treated with a large bulk of boiling 
water and potassium iodide is added, the iodide separates out in fine 
needles. These become yellow at 145° C. and red at 170° C., partial 
decomposition taking place and the substance subliming. It is easily 
soluble in ether or alcohol, with difficulty in benzene or chloroform, but 
prolonged boiling \vith alcohol or benzene tends to decompose it, although 
it is quite stable in boiling water. When treated with iodine it forms 
mercuric iodide and o-iodo-p-cresol. 

Anhydride of o-hydroxymercuri-p-cresol. 




1. The chloride is dissoh’ed in dilute sodium hydroxide and carbon 
dioxide passed in, the anhydride being precipitated. 

2, By adding the requisite amount of boiling sodium carbonate 
solution to an alcoholic solution of the chloride. 

It is a fine white powder, insoluble in the usual solvents, but soluble in 
phenol. When dissolved in an excess of 12 per cent, sodium hydroxide, 
carbon dioxide passed in, and the mixture slowly cooled, the sodium 
mli separates in needles which are decomposed when exposed to light. 
Treatment of the anhydride with hot dilute acetic acid gives the o-acetoxy~ 
mercuri compound, which sinters at 150° C. and melts with decomposition 
at 163° C. 

Mercuration of p~cresol methyl ether ? — The ether (4-8 grams ; 1 
mol.) is shaken with a solution of 38-4 grams of mercuric acetate (3 mols. ) 
in a stoppered flask for several days at 50° C. The i^recipitate is then 
remo\^ed and washed with water until the washings give no reaction for 
mercury. About 12 grams of product are obtained which, after crystalli- 
sation from 20 per cent, acetic acid and then from alcohol, yield long 
needles, M,pt. 131-5° C. When the ether and mercuric salt are used in 

1 Manciiot, Annalen, 1920, 421 , 335. 
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the proportion 1 : 1, the resulting product melts at 132'' C.^ Analysis 
of this substance agrees with the formula : 

3Me.C6H4.0Me.Hg(C2H30.3),.2Hg0 

It is unaffected by ammonium sulphide or sodium h}‘droxide, but when 
its clear alcoholic solution is treated with aqueous sodium cHoride, 
chloromercuri-p-cresol methyl ether, Me.CeH^.OJIe.HgCl, is precipitated. 
This crystallises from 9G per cent, alcohol in white needles, M.pt. 102' C., 
which are not acted upon by ammonium hydroxide, sulphide, or sodium 
hydroxide, although easily soluble in the latter. 

Derivatives of Thymol.^ 

o{?) -Ghloromercuri thymol . — To ahot alcoholic solution of 3 grams 
(1 mol.) of th^'^mol, 10*6 grams (1 mol.) of mercuric acetate in acetic 
acid-alcohol solution are added, and the mixture boiled for one hour. On 
cooling, a slight precipitate of 0-5 gram of dimercuri compound is de- 
posited, and after filtering, sodium chloride solution is added, when chloro- 
mercuri thymol is obtained as a voluminous precipitate. This is re- 
crystallised from 40 per cent, alcohol, hair-fine needles, M,pt. 139-5° C., 
being deposited. Yield 10 grapis. The substance is readily soluble in 
dilute sodium hydroxide, but if the latter is too concentrated the sodium 
salt is produced. 

2 : 6 -Diacetoxymercuri thymol is formed when 2 mols. of mercuric 
acetate are used to 1 moL of thymol, the reaction being carried out 
in boiling alcoholic solution containing some acetic acid. .“Vfter a 
time the mixture which practically solidifies is cooled, filtered, and re- 
crystallised from ethyl acetate-acetic acid mixture, white shining needles 
coming down. These melt at 215° to 216° C, with decomposition, and 
are soluble in sodium hydroxide, from which the sodium salt crystal- 
lises in plates,^ A hot 10 per cent, solution of sodium hydroxide yields 
2 : 6-dihydro.Ty7)iereuri thymol^ which crystallises in colourless plates, con- 
taining 3 mols. of water of crystallisation; in aqueous solution it is 
converted by carbon dioxide into the anhydride^ 

/Hg 

OH.Hg.CeHMePr< 1 

IVith sodium chloride, 2'Q‘dichloi'omercuri thymol is formed- M.pt, 210° 
to 211° C. with decompo.sition, which may be reduced to thymol by 
zinc and potassium hydroxide. The corresponding wdomercuri com- 
pound is also known, and a 2 : 6-dinitraiomercun thymol formed from the 
diacetate and 5 per cent, nitric acid. 

2-Acetoxymercuri thymol, prepared in the usual manner, forms 
a lustrous, white powder, M.pt. 147° C., decomposing at 182° C., and 
giving an immediate precipitate with ammonium sulphide, but mth 
hydrogen sulphide only in the presence of hydrochloric acid. With 
sodium chloride the 2~chloromercuri derivative is formed, M.pt. 144° to 
145° C., decomposing about 160° C.* Tliis compound is probably 

1 Dlmroth, Ber., 1921, 54, [B], 1504, gives the melting-point as 136° C. 

^ Dlmi-oth, Ber., 1902, 35, 2853. 

® See Merck, Ardt. Pharm., 1893, 231, 124 ; Paohni, OozzeUa, 1921. 51, ii, 188 ; Rupp, 
Arch. Pharm., 1917, 255, 191. 

^ Mameli and Manieir-Maimessier, Oazzetta, 1922, 52, il. 1. 
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identical with Dimroth’s chloride mentioned above. The following 
lhymol-2-derivatives are also known : Bromide, crystalline powder, 
contracting at 140° C. and reddening and subliming at 180° C> ; sulphate, 
amorphous, white powder, reddening without melting at 220° C. i nitrate, 
pink powder, M.pt. 148° to 150° C., decomposing at 155° C. and turning 
violet in the light ; oxide, white precipitate, M.pt. 195° C. with decom- 
position. 

6-Acetoxymercuri thymol occurs as small, lustrous cr^'^stals, M.pt. 
163° C., decomposing at 178° to 180° C. The bromide is a white com- 
pound, M.pt. 149° C. with decomposition ; sidphate, amorphous pow^der, 
decomposing at 235° C. ; nitrate, white powder, M.pt, 167° C. with decom- 
position ; oxide, white powder, blackening at 180° C., and decomposing 
about 205° C. ; hydroxide, M.pt. 190° to 195° C. with decomposition. 

2-Acetoxymercuri-6-iodothymol ^ forms white crystals, redden- 
ing at 170° C. and melting at 175° C. with decomposition; th.e -chloride 
turns yellow at 119° C. and melts at 122° to 124° C. ; the h'omide turn.s 
yellow at 102° C., M.pt. 105° to 108° C. ; oxide, M.pt. 162° to 165° C. wdth 
decomposition- 

3 - Acetoxymercuri - 4 - hydroxy ~ 2 - methyl - 5 - isopropyl - 
beiizaldehyde.^ — Molecular proportionsof4-hydroxy-2-methyl-5-isopro- 
pylbenzaldehj’de (p-thymolaldehyde) and mercuric acetate, in alcoholic 
solution containing a little acetic acid, are boiled for fifteen minutes and 
cooled. The precipitated product crystallises from acetone containmg a 
small quantity of acetic add in colourless, hard prisms, sintering at 
179° C. and decomposing at 185° C- Iodine in potassium iodide solution 
splits off the mercur}% with probable formation of 3-iodo-4-hydroxy-2- 
methyl-5-isopropylbenzaldchyde. pale yellow, octagonal prisms, M.pt. 
128° to 129° C. 



Derivatives of Caevacrol.^ 

Acetoxymercuri and Diacetoxymercuricarvacrol.-— Solutions 
of carvacrol {1 mol.) and mercuric acetate (2 mols.) in 50 per cent, 
alcohol are boiled for fifteen minutes, then cooled, a crystalline sub- 
stance separating out- Concentration of the filtrate gives a pale yellow 
oil, which may be crystallised on warming with alcohol- The mother- 
liquors from the oil are mixed with the alcoholic filtrate from the 
solid, and the above process of concentration, etc., repeated- In this 
way eight crops of crystals are obtained, the fourth and sixth being 
mercurous acetate, and 18 grams of carvacrol give 61-3 grams of crude 
mercury compound. The first two crops (34 grains) are practically 
pure monomercuri derivative, crops 3, 5, and 7 (21-8 grams) nearly pure 
diacetoxymercuri compound, whilst 8 consists of 5-5 grams of a mixture 
of the two compounds. One crystallisation of the alwve 34 grams gives 
pure acetoxymereuricarvacrol, in short, highly refractive, colourless 
ctystals, decomposing at 196° C. Similarly crops 3, 5, and 7 yield the ' 
diacetoxymercuricarvacrol in colourless, well-formed prisms, sintering 
at 190° C. and decomposing at 215° C. Although orientation experi- 
ments are not very satisfactory in the case of three compounds, and since 
the mercuri residue apparently never enters the benzene ring in the meta 

1 Mamcli, (JazzeUa, 1922, 52, IL Ig. 

* Henry and Sharp, J, Ghem. Soa., 1926, p- 2436. 

* Henry and Sharp, loc. cit. 
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|)Osition to a hydroxyl group, these coiiipomuls arc prol)abiy 4‘ or 6- 
monoacetoxymercuri and 4 ; 6*diacetoxymercuricarvacrohs (OH iu 
position 1). 

5 - Ghioromercuri - 4 - hydroxy ~ 3 ~ methyl - 6 - isopropyl- 
benzaldehyde. — Molecular proportions of 4*hydroxy-3-methyl*6-iso- 
propjdbe'nzaldehyde (p*carvacrol aldehyde) and mercuric acetate in 
alcohol containing acetic acid are boiled for 1*25 hours. The .solution is 
filtered and treated with an excess of 10 per cent, aqueous .sodium drloride, 
when a pale cream-coloured precipitate is thrown down. This is filtered 
off, dried, and recrystallised from acetone containing one drop of hydro- 
chloric acid, smah, four-sided plates being deposited, which sinter and 
darken about 209° C. and decompose indefinitely about 260° C. A 
50 per cent, yield of the corresponding o-acetoxymercuri deri\'ative is 
obtained when molecular proportions of p-carvacrolaldehyde and mer- 
curic acetate are heated for 1-5 hours on the water-bath. A yellow oil 
is formed, and this after extraction with hot ligroin is dissolved in a 
little acetic acid and the solution filtered. On cooling, colourless needles 
of 4-hydroxy - 5 - acetoxymercuri - 3 - methyl -- 6-isopropylbenzaldehydc 
separate, M.pt. 120° C. These crystals contain 1 mol. of acetic acid, 
which is not lost on drying in vacuo. When treated with a solution of 
iodine in potassium iodide, a product is obtained which crystallises from 
alcohol in long, colourless needles, M.pt. 157° C. It is probably 5-iodo- 
.l-hydroxy-3-methyl-6-isopropylbenzMdehyde. 

Derivatives of Alkyl Phenols. 

2-Acetoxymercuri-p-tert.“butylphenol. — Two molecules of the 
phenol and 1 mol. of mercuric acetate in 50 per cent, alcohol containing 
a little acetic acid are allowed to stand ; a test portion dissolves in 
sodium hydroxide after about twenty hours. In three days 2*53 grams 
of product rich in monomercurated compound crystallises out in white 
needles. The filtrate on concentration gives some unchanged butyl - 
phenol, and a clear yellow oil which solidifies on standing. The latter, 
after steam distillation and drying, weighs 3-6 grams, It crystallises 
from ligroin, saturated with acetic acid, in colourless, shining plates, 
M.pt. 180° C.i 

2 *. 6-'Diacetoxymercuri-p-'tert.“butylphenol. — Six grams of the 
phenol in 10 c.c. of alcohol and 25-6 grams of mercuric acetate in 160 c.c. 
of alcohol containing 4 c.c. of acetic acid, are mixed and boiled for one 
hour. After standing overnight the mixture is filtered, concentrated 
to half-bulk, and 200 c.c. of water added. A white, sticky solid i>s 
precipitated, which becomes crystalline when warmed with alcohol. 
The total yield, taking into account recovery from mother-liquors, is 
23-35 grams. It melts at 224° C. with decomposition, and is readily 
soluble in the usual organic solvents. When nitrated with concentrated 
acid at 0° C. it yields 2 j G-dinitro-p-tert.-butylphenol, thus proving the 
positions of the mercury in the compound. 

2 -Acetoxymerciiri-p -isoamyl phenol is prepared in a similar 
manner to the above monomercurated product. It crystallises in white 
flakes, M,pt. 176° to 177° C. with decomposition. 

2 r 6-Diacetoxymercuri-p-isoamylphenol crystallises from acetic 
acid in shining prisms, M.pt. 123° to 125° C., containing 1 mol. of 

* Henry md Sharp, J. Chem. Soc., 1926, p. 3434. 
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solvent. "Witli twice its weight of ice-cold, concentrated nitric acid it 
yields 2 : 6-dinitro-p-isoamylphenol. 

DERIVATIVE.S OF GuAIACOL.^ 

Mercuric acetate reacts with guaiacol in methyl alcohol or ethyl 
alcohol — acetic acid solution to yield principally diacetoxymercuri 
guaiacol and possibly some monomercnri compound. 

4 : 6 -Diacetoxymercuri guaiacol, 

OH Hg.OAc- 
QMe<(^ ^ 

Hg.OAc 

fonms wirite crystals whidi turn yellow, then red when heated, but do 
not melt- Nitric acid converts the compound to 4 : 6-dinitroguaiacol. 
This diacetate with 5 per cent, sodium hydroxide yields an oxide, 

OH Hg.OAc 
OMe</ ^ 

0 ^Hg 

\/ 

an infusible, heavy powder, turning brown at 200'^ to 210° C. The 
chloride is formed in the usual manner, and is a crystalline powder, 
decomposing at 179° to 180° C., and the nitrate is an infusible, white, 
crystalline compound. 

^-lodo-acetylguaiacol is also stated to give a diacetate. 

Vanillin on merenration yields a crystalline monoacetaie, which may 
be converted to the chloride, the latter giving iodo^’anilliu on treatment 
with iodine.® 

Derivatives of Safrol.® 

Mercuration of safrol by mercuric acetate yields a syrup containing 
tu'u mnneric acetates, one of which eventually crystallises out, the other 
remaining as a sticky mass. Both isomers are reduced to safrol when 
treated with ?inc and sodium hydroxide. The crystalline form yields a 
niercnrichloride, a white crystalline powder, insoluble in water and very 
slightly soluble in boiling alcohol. When heated it blackens towards 
170° C. The syrupy isomeric acetate yields a chloride, which crystallises 
from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138° 
C. This form can be more conveniently prepared as follows : 8T gram.s 
of safrol in a stoppered flask are shaken with 16 grams of mercuric 
acetate (1 mol.) in 160 c.c. of water for about two and a half hours 
at 50° C- When the reaction is complete the mixture is shaken with 
10 per cent, sodium chloride solution, a crystalline precipitate of the 
chloride being deposited. Yield about 12 grams. Recrystallisation 
from alcohol gives long, white, stellate, monoclinic prisms, M.pt. 136° to 
187° C. The compound gives no reaction with ammonium sulphide, 
hydroxide, or sodium hydroxide,' but if warmed with dilute hydro- 
chloric acid the smell of safrol becomes evident. It is only slightly 

1 Mameli, QazzeUa, 1922, 52 , ii. 23. 

^ Paoliai, Gmzeita, 1921, 51 , 11. 188. 

” Balbiano and Paolinl, Ber., 1902, 35 , 2998 ; Atti. R. Accad. Lined, 1902, [v.], ii, li. 
65 ; Ber., 1903, 36 , 3579 ; Balbiano, Ber., 1909, 42 , 1505 ; Manebot, Anncden, 1920, 421, 
320. 
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soluble ill ii ater. but easily in sodium hydroxide, from which it may be 
precipitated by hydrochlorie acid. The compound is an o,vychloride of 
the formula, CioHio02Hg(OH)Cl. The corresponding bromide is pre- 
pared in a similar way, sodium chloride being replaced by potassium 
bromide. It melts at 144° to 145° C., and crystallises in" long, silk}-, 
shimmering, white needles from dilute alcohol. It exhibits similar 
properties to the chloride. The iodide forms small, white needles, M.pt. 
152° C., which are decomposed by hydrogen sulphide, becoming first 
orange, then black. It does not redden when boiled with water and is 
unchanged by potassium iodide solution- In water it is insoluble, but 
readily dissolves in dilute alcohol or sodium hydroxide. The base, 
CioHio 02 .Hg(OH)OH, is easily obtained from the bromide by the action 
of moist silver oxide. The clear solution is faintly alkaline to litmus, 
but gives no colour with phenolphthaleiii. Treated with hydrochloric 
acid it becomes turbid, and on warming the mixture smells strongly of 
safrol. Potassium bromide solution decomposes it, with formation of 
the oxybromide. 

Isosafrol reduces mercuric to mercurous acetate, and is itself oxidised 
to a glycol. 

DiiRIVATIVES OF EuGENOL METHYL EtHEH.^ 

This compound yields a syrup of mixed acetates, from which two 
chlorides may be obtained. One of these forms small, hard, white 
prisms, M.pt. 112° to 113° C., soluble in alcohol but insoluble in water, 
whilst the second isomer is resinous. The crystalline variety is be.st 
obtained as follows ; Equimolecular quantities of the eugenol compound 
and mercuric acetate in seven times the bulk of water are heated for 
one hour on the water-bath, and after cooling poured into four times 
the volume of 3 per cent, sodium chloride solution. After standing for 
several days the product separates out, and on recrystallisation melts 
at 112-5° C. It is unchanged by ammonium sulphide or hydrate, but 
decomposed by warm dilute hydrochloric acid- Its constitution is 
given as (OMe) 2 C 6 H 3 -CH 2 -CH=CH 2 .Hg(OH)Cl. 

Apiol reacts with mercuric acetate fairly rapidly, completion of the 
reaction being reached in four to five hours. The acetate forms fine 
needles, M.pt. 157° to 158° C., insoluble in water but dissolving in warm 
alcohol. It is reduced to apiol by zinc and sodium hydroxide- Isoapiol 
gi\'cs an acetate which softens at 160° C. and melts at 174° C. 

Derivatives of Resorcinol.- 

Chloromercuri resorcinol, C 6 H 3 {OH) 2 .HgCl. — ^To a solution of 
28-3 grams of mercuric acetate {1 mol.) in 60 c.c. of water at room 
temperature, a solution of 29-7 grams of resorcinol (3 mois.) in 25 c.c. 
of water is added with frequent shaking. The reaction is completed in 
fifteen minutes. White flocks appear, which are Altered and quickly 
dissolved in concentrated sodium chloride solution, from which the 
chloride separates in needles. These are placed for a short time in 
ice, then filtered off, washed with ice-cold water, and dissolved in 
a large volume of ether- Removal of the solvent, and drying of the 
residue in vacuo, gives 16 grams of product, This consists of a mixture 

* Balbiauo and Paalini, loc, cit. ; Balbiano, loc. cU^ } Manchot, loc. cH. 

® Dimxotb, Ber., 1902, 35, 2853 ; see Leys, J. Pharttt. Chim., 1905, [vi-], 21, 388. 
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of mono and dimeTcurated compounds, from which the mono is removed 
by boiling mth chloroform, in which it is soluble. From this solution 
prisms are deposited, M.pt. 105° C,, the compound containing chloro- 
form of crystallisation, which may be removed in vacuo, when the 
melting-point rises to 128° j at 170° the colour changes to blood red. 
Yield 11-7 grams. It is soluble in ether, but only with difficulty in 
^vater, the aqueous solution becoming turbid after a short time. When 
wanned with a little water a clear solution is obtained, but a fine 
yellow powder rapidly separates out and decomposes. The solution in 
sodium hydroxide after a short time becomes yellow, then green, then 
brown, and a black precipitate finally appears ; tlrese changes arc 
accelerated by warming the solution. With ammonium sulphide the 
substance is immediately decomposed. 

Dichloromercuri resorcinol is the insoluble residue left after the 
chloroform extraction, and is purified bj^ crystallisation from ether, 
Yield 2-5 grams. It is a fine powder, becoming dark towards 200° C., 
but doe.s not melt. In alcohol it is soluble with difficulty and is 
decomposed sodium hydroxide even more rapidly than the mono 
compound. 

4-Acetoxymercuri-2-nitroresorcinol ^ is prepared by heating 
together equimolecular quantities of mercuric acetate and 2*nitro* 
resorcinol on a water-bath for thirty minutes. The orange precipitate 
is filtered, washed with water, alcohol, and ether, then dried over 
calcium chloride for forty -eight hours. Yield 75 per cent. 

4-Chloromercuri-2-nitroresorcinol. — Freshly precipitated mer- 
curic oxide and 2-nitroresorcinol suspended in water are heated on the 
water-bath for two hours, and the orange precipitate filtered off, washed 
with water, alcohol, and ether, then converted to the chloride by the 
addition of 10 per cent, hydrochloric acid. The product wdien w*ashed 
and dried is a pale orange powrier, soluble in dilute sodium hydroxide, 
methyl or ethyl alcohol, ether, benzene; only slightly in water. 

4 : 6 -Diacetoxymercuri -resorcinol -dimethyl ether, 

OMe 

Ac0.Hgj/\j 

Hg.OAc 

.in alcoholic solution of resorcinol dimethyl ethc-r and mercuric acetate 
in equimolecular proportions is boiled until the reaction is complete. 
On cooling, l5cautiful, white, feathery crystals separate. The product 
meltb at 218° to 220° C. (corr.), Itis quite stable to ammonium sulphide, 
the alcoholic solution giving a yellow precipitate with this reagent. ^ 



Derivatives of Naphthols and their Sulphonic Acids,^ 

Mercuration of a-Naphthol. — When 3 6 grams of a-naphthol are 
dissolved in 25 c,c. of acetic acid and a solution of 8 grams of mercuric 

^ ilaiziss and ProskouriakofE, J. Amer. QJiem. Soc., 1922, 44, 787. 

Kharasch and Chalkloy, J. Am&r, Chem, Soc., 1924, 46, 1216. 

Formerenrationof p-xyienol, inonobromo-p-xylenol, 2;3‘diliydroxy.l-uietliylbenzene 
and pyrogaliol-1 :3‘diethyl ether, see German Patent, 250746. 

* Brieger and Schulemann, J. prald, Oh&m,, 1914, 89, 97. 
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acetate in 50 c.c. of dilute acetic acid is added, a white cr\-stalline pre* 
cipitate soon separates out, and a further quantitj* may* be olitained 
from the mother-liquors. This substance does not react with aininoniinn 
sulphide, dissolves verj'- readily in sodium hydroxide, and if more alkali 
is added a white crystalline precipitate appears. The body is also 
soluble in acetic acid, and crystals deposited from the .solution when 
filtered off and washed with water soon become intense }*ellow ; the 
addition of a drop of sodium hydroxide changes the colour from yellow 
to white. Its alcoholic-alkaline solutions soon decompose, but it is fairly 
stable towards cold sodium chloride solution, yet on heating the solu- 
tion gives an alkaline reaction. Potassium bromide also gives an alkaline 
reaction ; potassium iodide only shows a faint alkalinity at first, but 
suddenly mercuric iodide separates and the solution becomes strongly 
alkaline. The compound contains no acetoxy group, and the formula 
as.signed to it from analysis is as follows ; — 



0 

11 

\/\/ 



2 : 4-Diacetoxymercuri-a-naphthol, 



OH 

/^/^HgOAc 



HgOAc 



When the mercuric acetate in the preceding preparation is replaced by 
16 grams of mercuric acetate in 50 c.c. of 3 per cent, acetic acid, 
colourless needles crystallise out in a short time, and these are filtered off 
and washed with water. The diacetoxy derivative is stable to ammon- 
ium sulphide, but behaves towards halogen salts in a similar way to the 
mono mercur}' compoinid. 

2-Acetoxymercuri-l-naphthol-4-sulphonic acid (Sodium salt), 

OH • 

,/"\/\HgOAc 



SOsNa 



Six grams of the sodium salt of the acid in 50 c.c, of water are treated 
with 6-4 grams of mercuric acetate in 50 c.c. of water, and after long 
standing yellowish- brown bushy needles separate- These after several 
crystalhsations from dilute acetic acid become white. The product 
obtained is the sodium salt of the acid, and it is very stable towards 
ammonium sulphide, although this stability is reduced in the presence of 
sodium chloride. V^Tien warmed with sodium chloride in acetic acid 
solution, mercury is split off. Attempts to prepare a diacetoxy com- 
pound have been unsuccessful. 

l-Naphthol-5-sulphonic acid when treated with mercuric acetate 
gives only mercurous acetate and tarry products. 
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Mercuration of jS-Naphthol. 

1 -Acetoxymercuri“/3-'naphthol,' 

HgOAo 
X'-./' \,OH 



\/\/ 

1. Twenty grams of mercuric oxide are dissolved in 520 c.c. of hot 
acetic acid, and on cooling, the white, glistening plates are filtered off and 
mixed with an acetic add solution of 13-2 grains of ^maj^thol. A 
hea\y, crystalline precipitate separates out. and if remo^‘ed, the mother- 
liquors gi\’e further crops on standing. Yield almost quantitati\'e. 

2. jS-Xaphthol (14-4 grams) is dissolved in 75 c.c. of acetic acid, and 
to this 32 grams of mercuric acetate in 125 c.c. of 30 per cent, acetic acid 
are added, when the acetoxy compound separates out. 

It crystallises in white, glistening needles, which on rapid heating 
blacken and melt at 185° C. with violent frothing. It is only slightly 
soluble in the usual solvents, does not blacken with ammonium sulphide, 
but a yellow, \mluminous precipitate separates which decomposes on 
heating, with deposition of mercuric sulphide. Treatment with aqueous 
sodium chloride yields the 1-chloromercuri compound, which may be 
transformed into 1-iodo -/3-nap hthol,^ 

1 -Acetoxymercuri-2-naphthol”6”SUlphonic acid (Sodium salt),^ 

HgOAo 



80 

The sodium salt of Schaffer’s acid (14-1 grams), containing 2 mols. of 
water of crystallisation, is dissolved in 100 c.c. of hot water and a solu- 
tion of 16 grams of mercuric acetate in 100 c.c. of hot water added. The 
compound soon separates out, and is only slightly soluble in water, but 
readily in dilute acetic acid or sodium hydroxide. It has similar pro- 
perties to the derivative from l-naphthol-4-sulphonic acid. 

1 :8-Amidonaphthol-4:6-disulphonic acid (K acid) yields with 
mercuric chloride or acetate unstable red compounds, to which no 
fornmlce have been assigned; the same result is obtained with its 
mono and dibenzoyl derivatives. 1 : 8-Amidonaphthol-S : 6-disulphonic 
acid (H acid) and 1 : 8-aniidonaphthol-4-sulphonic acid give colours and 
reactions similar to K acid, but these compounds are even more readily 
decomposed. Constancy of composition has not been obtained in the 
case of 1 : 8-dihydroxynaphthalene-3 .• 6-disulphonic acid (chromo trope 
acid), the derived compounds being orange in colour.^ 

Mercuration of Salicylyl alcohol (Saligenin).® — This alcohol 
forms a dimercurated compound when 1 mol. is heated with 2 mols. 
of mercuric acetate in alcoholic solution containing a little acetic acid. 
Needles separate out, from which a pure product is isolated by extract- 

^ Bamberger, Ber., 1898, 31 , 2624; Brieger and Sohiilemann, J. praht. Chem., 1914, 
89 , 97. 

^ PaoHnl, Oazzetta, 1921, 51 , ii. 188. 

® German Patent, 143726. 

* For ^.naphthol disulphonic acid H, see German Patent, 143448; j?i^ 3 -naphthol 
sulphonic acid, see German Patent, 143726. 

® Hart and Hirschfelder, J. Amer. Chem. 80 c., 1920, 42 , 2768. 
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ing \\ith water, alcohol, and ether. It is only soluble in hot glacial 
acetic acid or acetic anhj^dride and alkalies ; wi^ mineral acids it forms 
salts. The mercury present is nondonie in character, and since it 
readily forms an anhydride is probably in the ortho position to the 
phenolic hydroxyl group. The following formula has been assigned 
to it : — 

I'^i 

Hg— CHjOH 

i 

V 

I 

HgOH 



When dissolved in hot acetic anhydride it forms a triacetate of the 
composition : 



OH 



AcOHg- 



./\. 
! i 



-CH„— OAc 



\/ 

I 

Hg— OAc 



Mercuration of p-Hydroxy-m-nitrophenyl carbinol. — The 
carbinol is prepared by the action of bromomethyl alcohol on o*nitro* 
phenol and then treated with 2 mols. of mercuric acetate in alcohol- 
acetic acid solution. Fine, pale yellow needles separate, which may be 
recrystallised from 20 per cent, acetic acid (I. ). This compound does not 
form an inner anhydride as in the j^receding case, althou^i the mercury 
is in the ortho position to the hydroxyl group. The latter fact was estab- 
lished by treating the compound with a solution of iodine in potassium 
iodide, when 3-iodo-4-hydroxy-5-nitrobenzyl alcohol is obtained.^ 
Treatment with acetic anhydride yields a monoacetyl derivative (II.). 

OH 

Ac.O-Hg|/\|NOs 

k/' 

CHgOH 

H, 



OH 

HOHg^NO, 



CH,0H 



■ Kharasch, J. Amer. Ohem. Soc., 1921, 43, 1203. 
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CHAPTER IX. 

MERCCRV \rnufhiurti}. 

Hi'juv \'!iVK'. or .lumiATfC Acids. 

Tun siiujik'st crtho uroHiatic acids, suutK-iy, houzuic acid, tiocs not give 
un acck>\yiiivrcuri cojnpnuiid when heated with mercuric acetate, but 
only ail anhydride-. The position of the mercury in the ring in this case 
is shown to he ortho to the carboxyl group, since the same anhydride 
may he formed from ]ditha!ie acid, the only other products of reaction 
heimj earbmi dioxide and acetic add. 



,COOJ{ 

€OOH 



,/\ 



-C -O 






Hu 



P>-;-{M,+2HOAc 



The same comjMUind is also formed wJien mercuric benzoate is heated 
fur some lime at 270*' t!., and this method may yet liccoine of great 
importaiiee in the preparation of merenrated aromatic acids. Mercury 
saheylate yields an «.)rgano-niercuri anhydride, when heated for a pro- 

MHz 
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longed period at J00° C. o-Chloromercuii-benzoic acid is obtained from 
the anhj'dridc l>y dis.solving it in concentrated sodium chloride solution, 
and adding acetic acid, but the p*chloromercuri compound has only been 
obtained by the oxidation of p*tolylmercuric chloride b}* alkaline per- 
manganate. The methyl ester of benzoic acid may be mercurated in tire 
usual ^cay by means of mercuric acetate in the pre.sence of a little acetic 
acid, and the esters of salicylic acid ina\* be tr-eated similarly. 5 - 
Xitrosalieylie acid is mercurated by using an aqueous suspension of 
nicrcuric oxide at 100° C. 

The interaction of mercuric acetate and anthranilic acid is more 
complicated than the preceding cases, and is best illustrated by the 
.schenu; on opposite page, which shows also the main reactions of the 
aectoxy-mercuri compounds of this acid. 

A similar set of reactions has been carried out with the etliyl ester of 
p-aminobenzoic acid, but in addition a mercuric acetate salt of acetoxy- 
mercuri-p-aminobenzoic add has been obtained, and the mono and 
diacctoxymcrcuri derivatives may be isolated from this under suitable 
conditions. Also in the case of this ester only the diacetoxymercuri 
compound has been obtained directly from the N-isodiacetoxymercuri 
derivative, direct mercuration being used to obtain the monoacetoxy- 
mercuri product. 

In the mercuration of cinnamic acid and its esters, C5H5.CH2.CH2. 
COOH, the mercury residue always attaches itself to the a-carbon atom, 
and the solvent takes part in the reaction, attacking the /3-carbon atom, 
alkyloxy groups becoming linked to the latter (I.). When the mercur- 
ated esters are saponified by sodium hydroxide, and the resulting product 
treated with sulphuric acid, water is eliminated between the hydroxy- 
mercuri and carboxyl groups, and an anJiydride results (II. )• 

C5H5— CH CH— COoR CgHg— CH CH— C=0 

i- I " III 

OAlk HgOAc OAlk Hg— O 

I. II. 

In the case of j8-hydroxynaphthoic acid the mercury enters position 
1, and may be removed again by the action of iodine in potassium iodide 
solution. 

The mercuri-bis compounds of the mercurated acids ha%’e been pre- 
pared in a variety of ways. The use of sodium thiosulphate, which was 
given as* a fairly general method in the case of mercurated amines, has 
only been used for acids in the preparation of the following : Mercuri- 
bis salicylic ethyl ester, mercuri-bis-2-aminobenzoic methyl ester, and 
the corresponding ethyl ester of the 4 -aminobenzoic acid compound. 
The following sulphides yield mercuri-bis compounds by tbe action of 
heat : o-Sulphidomercuri benzoic acid, sulphidomercuri salicylic methyl 
ester, and the sodium salt of o-sulphidomercuri benzoic acid, the con- 
version in the latter case being brought about by boiling the aqueous 
solution. The interaction of mercuric cyanide and thiosalicylic acid in 
aqueous solution yields mercuri-bis-o-thiolbenzoic acid, no other organic 
mercury product being isolated, 

o-Hydroxymercuri-p-nitrobenzoic acid has been changed to the 
mercuri-bis compound by treatment with alkaline stannous chloride, and 
in the case of the m-nitrobenzoic acid compound aluminium turnings in 
VOL. XI. : I. 11 
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alkaline solution \vere used. Alkaline stannous chloride has also been 
used for the transformation of p-chloromercuri benzoic acid. 

The con^*ersion of hydroxyraercuri-salicylic acid to _ mereuri-bis- 
salieylie acid is aceompli>shed by dissohing the compound in potassium 
hydmxide and treating the .solution with formaldehyde sulphoxylate, 
and by similar means the sodium salt of ma-curated hydroxybenzene 
sulphonie acid may be. reduced. 

In the case of the aminobenzoie acids, the mercuri-bis derivatives 
have been prepared by the reduction of the hydroxymercuri nitro- 
benzoic acids in neutral or alkaline solution. 

An interesting formation of a mercuri*bis compound is the trans- 
formation of the anhydride of a-hydroxymercnri-^*methoxy-^-phenyl- 
propiomcacidtoa-mcrcuri*di-^-anhydrohydroxy-iS-phenyl propionic acid, 
fry suspending the former in water and treating it with potassium iodide. 

Certain niercurated acids have been tested with regard to their 
stability’ towards ammonium sulphide, with tiie following results : 
o-Chloroniercuri benzoic methyl ester i.s only decomposed on prolonged 
warming, but a sulphide may be obtained by the action of methyl 
alcoholic hydrogen sulphide. 

o-Chlorornercuri benzoyl chloride in ethereal solution gives a sulphide 
with hydrogen sulphide only after long treatment. 

The anh}‘dride of 3-hydroxymereuri salicylic acid is decomposed 
when its warm solution is treated with ammonium or hydrogen sulphide. 

Acetoxymercuri salicylic methyl ester yields mercuric sulphide with 
cold alkali sulphides. 

N-Isodiacetoxymercuri-ii-amino or 4-aminobenzoic acid esters when 
dissolved in acetic acid, and neutralised by ammonium hydroxide, are 
decomposed by ammonium sulphide, and a similar result is obtained 
when hydroxy mercuri'2- or 4-aminobenzoic anh)*drides are dissolved 
in ammonium hydroxide and treated with ammonium sulphide. The 
sodium salt of 2 : 2'-mercuri-bis-4-aminobenzoic acid is stable to hydrogen 
sulphide, and acetoxymercuri-4-arnmobenzoic eth}d ester only yields 
mercuric sulphide when boiled for a long time with ammonium sulphide. 

The anhydride of a-bydroxymercuri-jS-hydroxy-jS-phenylpropionic 
acid in alkaline solutions only yields mercuric sulphide on long standing 
with ammonium sulphide ; but if the jS-hydroxy group be replaced by 
methoxy, the decomposition takes place immediately. 

a-Mereuri-di-j5-anhydrohydroxy-^-phenylpropionic acid is not de- 
composed by ammonium sulphide. 

The following compounds when heated with hydrocliloric acid yield 
msercuric chloride and an organic acid : The anhydride of o-hydroxy- 
mercuri benzoic acid and the anhydride of a-hydroxymercuri-^-hydroxy- 
^-phenylpropionic add, wliilst o-chloromercuri lienzoic methyl ester 
is decomposed by halogen adds, and cold dilute hydrochloric acid 
eliminates the acetoxymercuri group attached to the nitrogen in N- 
isodiacetoxymercuri anthranillc methyl ester. 

Deeivatives of Benzoic Acid and its Esters.^ 

Anhydride of o- hydroxymercuri benzoic acid may be prepared 
as follows : — 

1 Diiwtli, Ber., Ifi02, 35, 2853 ; Pesci, AUi. R. Accad. Lincei, 1900, [v.], 9, i, 265 ; 
1901, [1^3, 10, i. 3«2, 413 ; Mlutmora and Woodward, J. Amer. Chem. Soc., 1926, 48, 533 : 
iilachs, Ben, 1920, 53, [B], 1737. 
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C=0 

i 

1 . Mercuric benzoate is heated in an oil-bath to 270"^ C. until a test 
portion gives no precipitate of mercuric oxide when treated with sodium 
hydroxide. The melt is cooled, powdered, and washed with alcohol 
and ether to free it from benzoic acid. It is then dissolved in a small 
amount of dilute sodium carbonate and carbon dioxide passed through 
the solution, the anhydride being precipitated as a white powder. 

2. Mercuric acetate is heated with benzoic acid until no mercuric 
oxide is obtained by adding sodium hydroxide to a test portion. The 
melt is then treated with ammonium hydroxide to form the ammonium 
salt, from which the anhydride is isolated by adding acetic acid. 

3. Sodium phthalate solution, mercuric acetate, and a little acetic 
acid are boiled for some time, when the anhydride is precipitated. The 
acid is only slightly soluble in all organic solvents, but readily soluble 
in dilute alkali or sodium carbonate. The latter solution gives a 
white precipitate with lead acetate, and blue-green with copper acetate. 
Treatment with sodium chloride yields the sodium salt of o-chloro- 
mercuri benzoic acid, but boiling with hydrochloric acid gives benzoic 
acid and mercuric chloride. Bromine reacts with the anhydride, forming 
o-bromobenzoic acid, and this, together with the fact that the anhydride 
can be prepared from sodium phthalate, prove that the mercury is in 
tire ortho position. Pesci states that he also prepared the following 
salts : Ammonium f isoamyl and bmzylammonium, barium, calcium, and 
magnesium. Also bromo- and iodo-mercuri benzoic acids are stated to 
have been prepared A The sodium salt at 150° C. reacts with ethyl mer- 
captan according to the equation : 

ClHg.CeH4.CO.,H+HSEt=CaH5.CO,H+ClHg.SEt2. 

o-Chloromercuri benzoic acid. — The crude anhydride obtained by 
Pesci ^ is dissolved in concentrated sodium chloride and acetic acid added. 
The precipitate is recrystallised from much hot water. It melts with 
decomposition between 222° and 238° C. With ethyl mercaptan it yields 
ethylthiomercuric chloride, EtS.HgCl. The sodium salt of the acid 
in acetone solution gives, with ethyl mercaptan, o~7nercaptomercuri' 
benzoic acid, according to the equation : 

/COgNa /CO^H 

CsHX +HSEt=CeH 4 < +NaCl 

\HgCl \Hg.SEt 

The compound may be recrystallised from acetone, and partly melts 
at 138-5° to 140° C. with decomposition. 

p-Chloromercuric benzoic acid is obtained from p-tolyimercuric 
chloride by oxidation with alkaline permanganate. It is a white 
amorphous powder which it is impossible to purify. Treatment with 
alcoholic iodine yields p-iodobenzoic acid. Boding with dilute alcoholic 
sodium hydroxide gives sodium p-hydroosryrnercmihmmate. The latter 
salt with aqueous sodium bromide or iodide yields sodium p~bromo 

^ See Qenma Pfttent, 229575. * Saehs, Ber., 1920, 53 , £B], 1737. 

* P^i, loc. oif, 
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and y-iodomeraiirihenzoaie respecti\‘ely. The cliloro compound reacts 
with phosphorous pentachloride in chloroform, giving the acid chloride, 
the latter on boiling \\*ilh n*butyl ah'ohol yielding p-chloromercuri- 
henioic acid uAmfijl ester. 

o-Mercuri-bis-benzoic acid^ raa}' bo ol;tained either by boiling 
nil {KiUooiis solution cd‘ the .sodiimi salt of o*snlphidomercuri benzoic 
acid, S(IIg.Ctilfj.C'0,A*a),>. or In- sa])oiiilioation of o-mercnri*bis-bcnzoic 
nietliyl ester. It erystallises from alcohol in shining needles, insoluble 
in water, deconiposiug ivlieii heated, without melting. 

p-Mercuri-bis-benzoic acid.“--p-C‘liloromcrciiribcnzoic acid is 
dissolved in sodium hydroxide and treated with stannous chloride. The 
sodium salt is very soluble in water. 

o-Chloromercuribenzoic methyl ester.® — Twenty graims* of 
liuely powdered mcrenrie acetate. 20 grams of benzoic methyl ester, and 
ii grams of a<‘ctie acid are gently boiled, the reaction taking three to 
four luiui's for ronip]eti<m. The inivtiire is filtered and evaporated 
hi uinia. 10 grams of a yellowish oil being obtained, .\cetone is added 
until no further ]»rc‘cipitate is formed, tlic* latter consistiiig of 5-C grams 
of diaeetuxyniereiiri compound. The acetone filtrate on evaporation 
yields U‘{-3 grams tif vellow resin, wbieli is inainly a mono substitution 
product. It is <liss(dve<l in dilute alcohol and treated w'lth sodium 
chloride, when 0-1 grams of the o-ehlorouiereuri compound are deposited. 
It is fairly soluble in the usual organic solvents*, insoluble in water or 
petroleum ether. Fioiu dilute alcohol or ethyl acetate it crystallises 
ill needh's, siut(‘ring at 142'' C. and melting at 1C2'' C. .Ammonium 
snlpliitle only splits off the mercury on prolonged warming, but halogen 
acids, (specially hydiiodic acid, readily decompose it. Stannous 
chloride in alkalhic sohition immediately reacts, metallic mercury 
separating. 

When the chloride is dissolved in warm methyl alcohol, and treated 
with a methyl alcoholic solution of hydrogen sulphide (| mol.), which 
has Ix-en saturated at about 2° C., a white amorphous precipitate 
of sulphldomerambeiizoic methyl ester is obtained. The quantity of 
hydrogen sulphide present is controlled by titration, as excess dissolves 
the suljiliide. It is ('asily soluble in chloroform, benzene, or aniline, 
hut only slightly in other organic solvents. 

o-Mercuri-bis-benzoic methyl ester, lIg(C6H^,COOMe),. — Seven 
grams of the above suiplhde arc heated for three hours at 120° C., 
then ecKsIed, powdered, and extracted with ethyl acetate. Spontaneous 
evajKjration of the solution gives 4-1 grams of white crystals. Yield 
90 |>er cent. When sajx>nified it gh'es o-mercuri*bis*benzoic acid. 

0 -Chloromercuribenzoyl chloride .* — Five grains of the anhydride 
of o-hydroxymercuribenzoic acid is treated with 15 grams of thionyl 
cWoride, when a vigorous reaction takes place accompanied by frothing. 
The solid after filtration consists of microscopic needles and an amorphous 
product, extraction with ben^^ne leaving the bulk of the latter behind. 
From the benzene solution 8-5 grams of substance are obtained, which 
does not completely melt at 178-5° C. Prolonged treatment with 
hydrogen sulphide in ethereal solution gives o-mlpkidmnercuribenzoyl 

1 Scboeller, Scfiraatli, and Heater, Ber., 1920, 53, [B], 638; Pesci, AUi. R. Accad. 
Umd, [v.J, 9, L 255 ; 1901, [v.], 10, i. 362 413. 

® Whitmore and Woodward, J. Amer. Chem. 80c., 1920, 48, 533. 

® Sk-hoellor, Scraath, and Heater, he. cit. * Sachs, Ben, 1920, 53, [B], 1737. 
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cliloride, S(IIg.CsH 4 .COCl) 2 , which remams umneitcd at ‘>60' C. When 
})oilc‘d with methyl alcohol, the sulphide produces o*chioromercu.ri 
benzoic methyl ester. 

o-Chloromercuri thiobenzoic ethyl ester is obtained from 
chloromcrcuribenzoyl chloride by dissolving it in hot benzene, and 
adding ethyl mercaptan in benzene solution through a dropping funnel, 
It cry.stallise.s from alcohol in pale j'cllow, microscopic, rhomboidal 
plates, M.pt. 142-5° to 144-5° C., soluble in ether, ben'zene, chloroform, 
or acetone. Its constitution is probably represented by 

ClHg.C'eH^.CO.SEt. 



Derivatives of Thiolbenzoic Acid. 

Mercuri-bis-o-thiolbenzoic acid, Hg(S.CgH4.C02H).i, Ms prepared 
by the interaction of mercuric, cyanide and thiosalicylic acid in aqueous 
solution. It crystallises in needles, M.pt. 25G° C., and is practically 
insoluble in water and the usual organic soh'ents. 

Anhydride of hydroxymercuri thiolbenzoic acid. 




A -solution of thiosalicylic acid in alcohol is treated with water initil 
faint turbidity is produced, then an aqueous solution of mercuric acetate 
(1-5 mols.) slowly added. The precipitate is boiled with ak-ohol 
to remo\*e impurities, then treated \vith a mixture of ammonimn 
hydroxide and carbonate until complete solution is obtained. The 
latter is filtered hot, and treated with acetic acid until faintly opalescent. 
On cooling, the anhydride crystallises in pale yellow, microscopic rods. 
Yield 50 per cent. When boiled with a concentrated solution of sodium 
chloride, and the solution filtered and treated with acetic acid, impure 
o-chloromercuri thiolbenzoic acid is precipitated. When the latter 
compound or the anhydride are dissolved in concentrated ammonium 
hydroxide, a substance crystallising in plates, M.pt. 206° C. with decom- 
position, is produced. Its formula corresponds to Ci^HisOgNoS^Hga. 
Some mercuri-bis thiolbenzoic acid is also formed. 

Derivatives of Nitrobenzoic Acids. 

o “ Mercuri- bis- p - nitrobenzoic acid.^ — o - Hydroxymercuri -p- 
nitrobenzoic acid (115 grams) is dissolved in about 1500 c.c. of water 
with the aid of sodium hydroxide, and treated with an alkaline solution 
of 100 to 150 grams of stannous chloride, until a filtered test on the 
addition of stannous chloride gives no mercury. The mixture is then 
warmed for a time to complete the reaction and filtered. The filtrate is 
acidified witli hydrochloric acid, the compound coming down as a yellow 
powder. It is soluble in water or alcohol, but not in benzene, toluene, 
ethyl acetate, or mineral acids. The sodium salt is a yellow powder, 
soluble in water, the solution giving precipitates with practically all 
metallic salts. 

A similar type of compound has been obtained from m~niirobefizmc 

> Sachs and Blessl, Ber., 1925, 58 , [B], 1497. 

* German Patent, 251332. 
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acid. Tlie reduction in tiiis case is carried out with aluminium turnin^fs 
ill alkaline solution. The compound has similar properties to the above. 

Phenol dmdphonic arid and mercuric acetate in equimolecular pro- 
portions react to give a compound containing about 40 per cent, of 
merenrv*. It i.s soluble in water and docs not precipitate albumen in the 
cold.^ 



1)kiuvativi:.s of Saucvlic Acm and its JEsteics. 
Anhydride of 3 -Hydroxy mercuri -salicylic acid, 



CO 




When dry mercury salicyluti* is heated for a long time at 100® C. it is 
found that a test portion no longer gives a precipitate with sodium 
hydroxide. If the reaction be carried out at 120® C. the change takes 
jilace more rajiidly, and the same product is obtained when equirnolec- 
ular proportions of freshly precipitated mercuric oxide and salicylic 
acid are iieated for a long time on the water-bath in aqueous solution.^ 
It forms a white mass, soluble in alkali, but cannot be crystallised from 
solvents, and is decomposed on heating, without melting. When 
warmed with hydrogen sulpiride or alkali sulphides it undergoes dccom- 
j josition . The hy droxymercuri group is replaced by tlie action of iodine, 
o-i(Klo-salic}‘lic acid lieing formed, this proving that the mercury occupies 
the ortho position to tlie hydroxyl group. The compound has been 
intrilied l>y treating it with ammonium carbonate solution, when the 
(oiimmiium salt is formed, HO.Ifg.CeHg.OH.COaNH^, and decomposing 
this‘ by dilute ;icetic aeid.^ 

3 -Chloromercuri -salicylic acid, ClHg.CeHa-OH.COOH. — Tlris 
acid is obtained from the corresponding sodium or calcium salts by the 
addition of dilute acetic acid. It crystallises in needles from boiling 
water or methyl alcohol. The sodium and potassium salts are known, 
and tlie lithium salt is prepared from the anhydride and lithium chloride 
solution. Both this and the calcium salt form thin needles, which are 
more soluble in cold than hot water. Broniomercuri-salicylic acid, 
obtained by the interaction of the add and potassium bromide, is pre- 
cipitated by acetic acid, and forms colourless crystals, insoluble in water, 
but .slightly soluble in boiling alcohol. The corresponding iodomercuri 
acid has also been described. 

Mercuri-bis -salicylic acid.^ — ^I’he anlwdride of hydroxy mercuri 
salicylic acid (33-6 parts) is dissolved in 5-6 parts of potassium 
hydroxide in SOO parts of water, and a solution of 7-7 parts of sodium 

* The foUowir^ patents also <Jeal with benzole acids : German Patent, 23914, 

(►.fiiiorobenzoic acid, o-iodobeazoie acid, o4oluic acid. Ibid., 249333, addition to above ; 
I i4-diaiethyI‘2-benzoic acid, trimetbylbenzoic acid, 3: 4*dimeifaoxybenzoic acid, 3:5- 
dibroinobcnzoie sicidi l&id., 234054, 261876, o-cblorobenzolc acid. 290210, sodium 

in-suipbobenzoate. Ibid., 407669, 413835, p-benzyloxybenzoic anhydride and similar 
compounds. 

* Dimrotb, Ber,, 1902, 35, 2873. 

® Buroni, GmseUa, 1902, 32, ii. 306, 311 ; Chem. Zentr., 1003, i. 678 ; Brieger, Arck. 
Pkana.f 1912, 250, 62 ; CAem. Zm^., 1912, i. 753. 

* German Patent, 255030. 
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formaldehyde sulphoxylate in about 100 parts of water added with 
stirring. The mixture is left until clear, filtered, and treated with dilute 
acid. The white precipitate is dissolved in sodium hydroxide and 
changed to the sodium salt, which may be obtained in the solid form by 
evaporation in vacuo. The free acid is a white, heavy, water-insoluble 
powder. It has no melting-point, but decomposes at high temperatures. 
It jdelds salts with alkalies or alkali carbonates. 

By a similar method of reduction a mercuri-bis compound may be 
obtained from mercurated 2 -hydroxy benzene sulphonic acid (sodium 
salt). 

More recent investigators ^ contend that salicylic acid can only be 
mercurated to give pure products when mercuric sulphate is used. A 
mixture of the anhydrides of o- and p-hydroxymercuri-salicylic acids is 
formed, the latter yielding p-thiocyanomercuri-'salicylic acid with potas- 
sium or ammonium thiocyanates, and sodium p-sodium sulphitomercuri- 
salicylate with sodium sulphite. 

3 -Ohio romercuri -salicylic methyl ester, 

COaMe 

f^jOH 

The ester is obtained by adding sodium chloride to the mother- 
liquors obtained in the preparation of the acetoxy compound described 
below, from which 6 grams of substance are obtainable- It is soluble in 
alcohol, but in other organic solvents less soluble than the acetate. 

Acetoxymercuri -salicylic methyl ester. — Fifteen grams of 
mercuric acetate, an equal weight of the ester, and 2-5 grams of acetic 
acid are boiled under reflux for about forty minutes, until the reaction is 
complete. On cooling, needles separate, and after standing overnight 
these are Altered off. Yield 9 grams, 52 per cent. It melts at 202° C. 
(corr.) and is readily soluble in warm alcohols, ethyl acetate, acetone, or 
chloroform, but with difficulty in water or petroleum ether. In alkali 
it is soluble, but the ester is saponified. 

Sulphidomercuri -salicylic methyl ester, S(Hg.C6H3.0H.C00 
Me) 2 - — To a oold, saturated, alcoholic solution containing 10 grams 
of the acetoxy ester, 35 c.c. of an alkali hydrogen sulphide solution 
saturated at 20° C. are added dropwise. This is the requisite quantity 
required to form the neutral sulplude, and excess should be avoided or 
an acid sulphide is formed, which is markedly soluble. The precipitate 
is filtered off, pressed on a tile and dried in vacuo, 7*5 grams (85 per cent.) 
of a white pow^der being obtained. It is soluble in chloroform, benzene, 
aniline, dilute aqueous alkali or alkali sulphides. 

Mercuri-bis-salicylic methyl ester, Hg{C6Hs.0H.C02Me)2. — 
Ten grams of the above sulphide are heated for six hour.s at 110° C., and 
the mass powdered and extracted with 120 c.c. of ethyl acetate, 0*8 gram, 
1 2 per cent., of the ester being isolated. It is soluble in the usual solvents 
and melts at 170° to 180° C. (corr.), 

Acetoxymercuri -salicylic ethyl ester. — ^This product is not so 
readily formed as the methyl ester, but if the reaction is carried out 
at 180° C. the yield is almost quantitative. It crystallises from ethyl 

f Rupp Gersoii, Arch. Phasm., 1927, 265, 32S. 
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aw-tatc-ligroiii mixture in needles, sintering at 200'’' C. and melting at 
20fr C. (corr.). 

When 12 grams oi' the acetate are powdered and dissolved in 120 e.c. 
of cold, saturated .sodium tliiosulphate solution, a precipitate is im- 
mediately thrown down. This is filtered after six hours and dried. 
It con.si.st.s‘ of fi)ercuri-bis~.s(tUci/Uc ethyl ester. 0*2 grains, 82 per cent., 
yickl. It melts at 108'’ C. (eoVr.) and has similar properties and solu- 
bilities to the methyl compound . 

S-Chloromercuri-S-nitrosalicylic acid.^ — 5-Nlitrosalicylic acid 
is heated with 2 mols. of freshly precipitated mercuric oxide in 
aqueous suspension for twelve hours at 100^ C. The resulting orange 
product is hltcred, wasin*d, and dried. When warmed with alkali, part 
of the mercury is split off as mercuric oxide and is filtered off. The 
solution is cooled, filtered, and aeidilied with hydrochloric acid, when a 
precipitate consistin" of mono and dimcrcuratcd derivatives is thrown 
down. This is treated with boiling 50 per cent, methyl alcohol, when 
the mono compound goes into solution, and the mixture is filtered 
through a hot-water funnel. Both compounds are thus isolated, 
the mono-ehloro eoinpound melting at 235' C. and the diehloro at 
238' C. 

Diacetoxymercuri-5-nitrosalicylic acid is obtained by heating 
5-intro.sa!icylic acid with 2 mols. of mercuric oxide in hot glacial acetic 
acid, filtering whilst hot and cooling, wlien white crystals are deposited. 
These arc recrystalli.sed from acetic acid and become pale yellow when 
dry. 

Several cyanomereuri-suUeyUc acids luu'c recently been described, 
but difference of opinion seems to obtain regarding their mode of 
formation,®* ® 



Derivatives op Anthranilic Acid.^ 

N-Isodiacetoxymercuri-anthranilic methyl ester, — One gram 
of anthranilic methyl ester is added to a solution of 2-4 grams of 
mercuric acetate dissolved in 25 e.c, of 80 per cent, methyl alcohol. 
Flocks separate in a few minutes, and after a^ut 1 -5 hours no mercury 
ions can Im detected when tested for liy sodium hydroxide. If allowed 
to stand for a long time the crystals become yellow and change to 
acetoxy me rcuri -anthranilic ester, according to the scheme shown below 
in (I.|. To remove any by-products from the iso compound it is 
thoroughly washed with methyl alcohol and dried with ether. When 
its acetic acid solution is neutralised by ammonium hydroxide, then 
treated with ammonium sulphide, a precipitate of mercuric sulphide 
is deposited, showing that the mercury residue is substituted in the 
amino group. When digested with cold dilute hydrochloric acid, an 
acetoxymercuri group is split off, and cliloromercuri anthranilic acid 

* Raiziigs and iVoakouriaknff, J. Amer. Ohtm. Soc., 1922, 44, 787. 

a»d Wnastorf, Pharm.^ 192.5, 263, 430; Gerseli, Mi., 1926, 

* The following German patents taken out in 1909 deal with the mercuration of salicylic 
acid derivatives : 224435, 224864, 227391, 229574, 229575, 229781. Ibid^ 261875, o-chloro- 
benzoic acid, salicvlic acid. German Patent, 30511, British Patent, 161922 (1909), 
hydroxymercuri saiicyiic anhydrides. German Patent, 216267, salicybulpjionic add 
(COOH ; OH : SOgH^i : 2 ; 5). Ibid., 248291, glycol ester of salicyllo acid. 

* Schoeller and Hueter, Btr., 1914, 47, 1930. 
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methyl ester is formed (II.). The iso compound is soluble in ammonium 
hyclro>iide, acetic acid, hot water, and hot alcohols, but insoluble in 
acetone, chloroform, benzene, or petroleum ether. The hot aqueous 
or alcoholic .solutions set to a jelly on cooling. 



2CeH4.NH2C02Me+2Hg.0Ac = 

I. 



NH.Hg0.4c 
I'^COOMe 
I +3HC1= 

\/ 

HgOAc 



KH.HgOAc NHj 
|/^,COO-Me 



COOMe 



+ 



HgOAc 



\/ 



2CH,C00H 




i-^OOOxMe 



\/ 

HgCl 



+HgCl2+2CH3.CO.OH 



NH3 

|'^^COOMc 

U 

HgOAc 



Acetoxymercuri-'anthranilic methyl ester may be obtained: 

1. From the preceding N-iso-diacetoxy compound. 2-5 grams of the 
latter are suspended in 15 c.c. of metliyl alcohol and 0-G gram (1 mol.) 
of methyl anthranilate in 2 c.c. of acetic acid added, the whole being 
heated for thirty minutes on the water -bath. The mass is then allowed 
to stand for twenty *four hours in the ice-chest, filtered, and dried in vacuo 
over sulphuric acid. Yield 2-6 grams. 

2. Nine grams of methyl anthranilate is added to a warm solution 
of 22-5 grams of mercuric acetate (1 mol.) in 100 c.c. of methyl 
alcohol containing 10 c.c. of acetic acid. After fifteen minutes’ heating 
at 50° C. the reaction is complete, and the product is cooled overnight in 
ice, when the ester crystallises out in pale yellow needles. These are 
filtered and washed with methyl alcohol and dry ether. Yield 22 grams, 
90 per cent. The crystals melt to a yellow liquid at 178° to 180° C., 
which decomposes at 180° to 182° C. The compound is readily soluble 
in boiling water, hot alcohols, or acetic acid, sparingly soluble in benzene, 
ethyl acetate or acetone, very slightly soluble in chloroform or petroleum 
ether. 

Diacetoxymercuri-anthranilic methyl ester results as follows : — 

1, Three grams of the N-iso compound are heated with 2-5 grams 
of acetic acid in 20 c.c. of methyl alcohol for about an hour at 50° C. 
The mixture is cooled to 0° C., filtered, washed with methyl alcohol, and 
dried. Yield 2*6 grams, M.pt. 218° to 220° C. 

2. Methyl anthranilate (1 mol.) is heated with 2 mols. of mercuric 
acetate in methyl alcohol-acetic acid mixture at 50° C. until a test gives 
no reaction with ammonimn sulphide. The product thus obtained 
melts at 221° to 222° C,, is soluble in the usual organic solvents, but less 
readily than the mono-substitution products. The structural formula 
is shown above. 

Chloromercuri - anthranilic metliyl ester is obtained, as 
previously stated, by treating the N4so compound with <»ld dilute 
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hydrochloric acid. It also results by tlic addition of aqueous sodium 
cMoride to an alcoholic solution of the acctoxymercuri compound. It 
forms small needles or rods, M.pt. 181'’ C., soluble in the usual organic 
solvents. Tlu' corxespoiidin,!? bnntiuk crystallises in fine needles, M.pt. 
178' (darkening J ; the iodide .sinters at 172* C.> melting at 173'^ to 174^ C, 
to a brown liquid . 

Hydroxymercuri anthranilic anhydride, 

XHj, 

CO 

U I 

Hg— O 

This compound is obtained as follows : — 

1. The monoacetoxy compound in aqueous suspension and 2*25 
mols. of Xornial sodium hydroxide are boiled for a short time, when the 
acetate group is split off, the sodium salt of hydroxymercuri anthranilic 
acid being formed. The cooled solution is treated with cold Normal sul- 
phuric acid, the: anhydride Ijcing precipitated, filtered, washed with 
water, and dried. 

2. Steam is blown through an equimolccular mixture of pure anthran- 
ilic acid and j'eilow mercuric oxide for two to three hours, until a test 
portion gi\‘cs a clear solution in alkali. The product is purified by 
solution 111 sodium hydroxide and precipitation by sulphuric acid. 
Yield Oti per cent. 

The compound is a faint yellow, amorphous powder. Prep. 1 has M.pt. 
212’ to 214 C. {darkening). Prep. 2 has M.pt. 210'’ C. It is readily 
.sciluble in aqueous potassium iodide, cyanide, or sodium thiosulphate, 
not so easily in potassium bromide, and still less in potassium cliloride ; 
rather insoluble in the usual organic solvents- When dissolved in caustic 
alkal i or carlxmates it may be precipitated unchanged by acids . Aqueous 
alkaline solution gives, with aqueous solutions of heavy metal salts, a 
corresjMJiiding saR in the fonn of an amorphous precipitate. The 
copper salt is a bright green substance. The ammoniacal solution when 
treated with ammonium sulphide and warmed gives a deposit of mercuric 
sulphide. If the hydroxy compound be treated wnth potassium iodide 
in aqueous solution, iodomercuri-anihranilic acid is deposited as a white 
irowder on the addition of the calculated amount of sulphuric acid ; 
but if iodine in potassium iodide be used, iodoanthranilic acid is 
prmiuced. 

Dihydroxymercuri -anthranilic anhydride, 

NH, 

HOHg— 




This substance is prepared in the same way as the preceding anhydride, 
using the diacetoxymercuri compound as the starting material. It is a 
pale yellowish-gieen, amorphous powder, 

Acetoxymercuri-acetylanthranUic methyl ester, AcOHg.CeH^ 
(NHAc).C02Me. — The acetylated ester is heated with mercuric acetate 
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in an oil-bath for thirty minutes at 120° to 130° C. The oxeess of ester 
is then extracted with ether and the mercury compound recrystallised 
from very dilute alcohol. It cr}-stallises in giistening plates, M.pt. 212° 
C., extremely soluble in all organic solvents except ether or petroleum. 
If the above reaction be carried out in cold methyl alcohol solution, only 
a 10 per cent, yield is obtained in 1 *5 days, but two hours’ boiling in 
aqueous solution or seven hours in methyl alcohol completes the reaction. 
The alcoholic mother-liquors from the crystallisation, when treated with 
sodium chloride, give the corresponding chloride, fine needles from Ijoiling 
ethyl acetate, M.pt. 245° to 246° C. 

Mercuri-bis-anthranilic methyl ester. 




Ten grams of the acetate in a 75 per cent, alcohol solution are treated 
with a very concentrated aqueous solution containing about 20 grams of 
sodium thiosulphate. A white, amorphous precipitate at once appears, 
and the mixture is raised to 45° C. and maintained at that temperature 
for about 1*5 hours. The product is then evaporated in vacuo, when 7 -5 
grams of dry substance are obtained. It is purified by dissohing in 
ethyl acetate, filtering, concentrating the solution, then adding petro- 
leum ether dropwise until the mixture becomes opalescent. On 
inten.se cooling, light yellow needles are deposited (4-5 grams, 65 per 
cent.). The ester melts at 196° to 197° C. (corr>) with darkening. 
It is soluble in the usual solvents, with the exception of water and 
petroleum ether. ^ 

Acetoxymercuri-methylanthranilic methyl ester, 

NHMe 

/'^COsiMe 

\/ 

HgOAc 

The ester is obtained in 97 per cent, yield by adding tJie methyl ester of 
methyl anthranilie acid to mercuric acetate solution in methyl alcohol, 
the reaction being complete in about thirty minutes. It forms fine 
needles, M.pt. 200° C., easily soluble in chloroform, hot acetic acid, boiling 
alcohols, ethyl acetate, acetone, or benzol, slightly soluble in cold 
water. 

The corresponding chloromercuri comjx)und crystallises in white 
needles, M.pt. 210° to 212° G., becoming violet ; the bromide has M.pt. 
215° C., turning violet; iodide, needles, M.pt. 190° to 191° C., darkening 
at 185° C. 

Hydroxymercuri- methyl anthranilie anhydride. — Prepared in 
the usual manner from the acetoxymercuri compound it is obtained in 
99*2 per cent, yield. It is a greenish-yellow, amorphous precipitate, 
decomposing at 203° C. When prepar^ from methylanthranilic acid 
and yellow mercuric oxide tlie reaction is complete in fifteen minutes. 

^ SohodUter, aaad Htketer, Ber., 1920, 53» 
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The iidomirruri-nuihijlunihrtnuUi' acid may be- prepared from it. It 
is more stable towards acids tliaa the unmethylatcd couipomid, and 
is iusohible iu the usual orjjanie solwnts. 

Acetoxymercuri - ethylanthranilic ethyl ester, 178^' C. 

(decomp.), is soluble iu the usual .solvents on warniinjif, and crystallises 
from alcohol iu needles, the i-orresjioudiuj' iiicthiil ester forming needles, 
M.]it. Ih.0 - U. 

Acetoxymercuri-dimethylanthranilic methyl ester forms thick, 
jjrisiuatic crystals from methyl hIcoIioI. M.pt. 13U C.^ and is easily 
soluble in the common solvents. Prc])ared in the usual way tlic reaction 
i.s c<unplete in about three hours. The Maride forms sti-ongly refracting 
jwisias, M.pt. Ifig' to C. ; the bromide, white needles, M.pt. 164° C. ; 
iodide, thick prisms. IVI.jd. I.'in C.; the eliloride and bromide contain 
1 mol. of water of crystallisation. 

Sulphatomercuri"dimefhyIanthranilic acid, S 04 {HgC 6 H 3 .X>Ieo. 
COijlIla-'JllBO, — The acetoxw compound is boiled for fifteen niiuutes 
with Normal sodium hydroxide, and the solution treated with Xomial 
sulphuric acid. After cooling for twenty-fonr hours in ice, thick prisms 
are obtained, which on crystallisation from alcohol form small, white 
nc.-cdk's. Tliesc contain S mols. of water, and when heated slowdy 
decompose towards 1 isOHh It is easily soluble in hot water, but insoluble 
in the usual organic sol\-ents. It should be noted that when other 
acetoxynrcrcuri conipounds are treated in the shore manner the anhy- 
drides are isolated. 

The chloTomercvri derivative is ])repared by saponifying the acetoxy 
comjwund and atlding Normal hydrochloric acid. It cry.stallises from 
boiling water in prisnus, M.pt. 175' C. with decomposition, and is S])ar- 
ingly soluble iu organic solvents. 

6 : 6'-Mercuri-bis-2-aminobenzoic acid, — From .?0 grams of 
mercury o-intrubenzoate treated in the same way as the para compound, 
27-3 grains of the aiih}‘dride of h 3 'droxymercuri-o-nitrobenzoic acid arc 
i.solutcd. This i.s then reduced witli ferrous carbonate as before. The 
product is pale yellow, easily soluble in acids or alkalies, and has no 
definite melting-point.^ 



Derivatives of Meta-amikobenzoic Acid. 

From m-Acetaminobenzoic acid.^ — m-Acetaniinobenzoic acid (53 
grams) in sodium irydroxide is treated with a solution of 48 grams of 
mercuric acetate. The precipitate is the mercury salt of m-acetamino- 
benzole acid, which is dried and heated at 150° to 175° C. until a test 
gives a clear solution in sodium hydroxide. The melt is extracted with 
Ixriling ak'ohol, the residue dissolved in sodium hydroxide, and the 
comjxmnd precipitated by hydrochloric acid. It is filtered, dried, and 
recrystaliised from methyl dcohol. It forms white needles, melting 
about 200“ C., very easily soluble in alkalies. From the aqueous solution 
of the sodium salt other salts may be obtained in the usual way. The 
constitution is as follows : — 



^ The following deal with inereamted anthranilic acids : Uerman Patent, 234054, 
anthranilie acid. Ihii., 248291, methyl ester of methylanthranillo acid. 

® Gorman Patent, 364338. 
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NH.Ao 

x\ 

} j 

I /COjH 
HgC\ ' 

Tlie method may be varied by heating m*acetaniiinobcnzoic acid with 
mercuric oxide in an oil-bath, first at 210^' C. until the product becomes 
grey, then for a further two hours at 220* C. If the mercuric oxide be 
replaced by the acetate, heating at 180“ C. for three to four hours will 
complete the reaction. 

In a similar way the corresponding m-henzoyJaminobenzoic acid 
derivative is prepared. It melts at about 220“ C. with decomposition, 
and has properties similar to the acetyl compound. 

Mercuri-bis-S-aminobenzoic acid. — m-Xitrobenzoic acid and 
mercuric oxide are heated at 200° C. until the reaction is complete. The 
result is the mercurated nitro compound, and tliis is reduced in neutral 
solution with aluminium-mercur}* couple at 40° to 50° C. to the amine. 
It has similar proj^erties to the pain compound. 

From p-Aminobenzoicacid: 2:2'-'Mercuri-'bis-4“ammobenzoic 
acid.^ — Seventy-five grams of the mercury salt of p-nitrobenzoic acid 
is heated at about 225° C. until a test of the reaction product gives a 
clear solution in sodium hydroxide. This usually takes about three 
hours. The mass is then cooled, extracted with alcohol, and dried. The 
dry product (38 grams) is dissolved in about 600 grams of 15 per cent, 
sodium hydroxide and boiled. The boiling solution is treated with a 
solution of ferrous sulphate to bring about the reduction, approximately 
225 grams of the iron salt being required. The mixture is filtered and 
the filtrate strongly acidified with hydrochloric add, the compound 
separating as a voluminous precipitate- It is insoluble in the usual 
solvents, but dissolves in alkalies or hot hydrochloric acid, a crystalline 
hydrochloride separating from the latter in fine, microscopic needles. 
The sodium salt of the acid is a pale yellow, crystalline powder, easity 
soluble in water, the solution becoming brown on standing for a long 
time. When hydrogen sulphide is passed through the solution no nier- 
curie sulphide is predpitated. The constitution is as follow’s — 





NH 


/\ 




/\ 


\/ 




\/ 



OOOH COOH 



It may also be obtained by alkaline or neutral reduction of the deriva- 
tives of hydroxyniorcuri-p-nitrobeirzoic acid.® 

N“Isodiacetoxymercuri-p-aminobenzoic ethyl ester.® — 



NH.HgOAc 

,/\.HgOAc 






1 German Patent, 249725. 

® See Blumenthal and Oppenbeim, Biochem, ZeiL, 1913, 57 , 261. 
® ^hoelfer, Schrautl\ and liese, IQlSi 52 , fB], 1777. 
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Two grams of tlie ethyl ester (1 moL) in 10 c.c. of methyl alcohol 
are added to K grams of mercuric acetate (2 mols.) in 50 c.c. of the 
same «oh‘cnt, and the miytnrc allowed to stand for a day. A pale 
yellow, non-erystalline product separates out, and this is filtered and 
wasiied with methyl alcohol and ether. Vield 7-7 grains, 03 per cent. 
It cannot be rccrystallised. melts about 24.5^ C., and is .soluble in am* 
monium hydroxide, acetic acid or luhieral acids, but with decomposition 
in the latter; in the usual organic solvents it is practically iii.soluble. 
Its acetic acid solution after neutralisation with ammoninra hydro^de 
splits off mercunc sulphide when treated with cold ammonium 
sulphide. 

When dissolved in acetic acid-metlnd alcohol mixture and warmed, 
then treated %vitli acpnxms sodium chloride, chloromereuri-p-mninobenzoic 
ethyl ester is precipitated. 



/' ^ H;jOA(» 

i -iWari-pCHafO.OH - 

\ / 

COjF.t 



I j ' ^t-HgCl2-f-.3CH3CO.ON’a 
COaEt 



The same product may be obtained by treating the acetate with 
sodium eliloride. The yield by tlie first method is 04 per cent., and 
when reerystallised from ethyl acetate the M.pt. is 223^ C. 

Mercuric acetate salt of acetoxymercuri-p-aminobenzoic acid 
ethyl ester, 

{;Hj.CO,H.NH Hg— NH.CIH3.CO3H 

/^HgOAc 

! I I 

\/ \/ 

COgEt COgEt 



Four grams of the ethyl ester of p-aminoben?;oic acid in 8 c.c. of methyl 
alcohol are mixed wilii 84 c.c. of meremric acetate in Ifi c.c. of methyl 
alcohol and 8 e.e. of acetic acid. The salt soon separatc.s, and is filtered 
and washed with alcohol and ether, Afield 8 grams. It forms micro* 
seopie, rhombic cry. sdals, M.pt. 230® to 240° C., is soluble in ammonium 
hydroxkle or acids with decomposition, and to a slight extent in cold 
methyl alcohol, ethyl acetate, or acetone. Ammonium sulphide decom* 
}K>ses it in the cold. When the substance is dissolved in methyl alcohol 
(^ontaimng a small quantity of acetic acid, treated with dilute acetic 
acid, then with Normal sodium chloride solution, cMoromercuri~p~ 
amimbenzoic ethyl ester is precipitated. The filtrate is made alkaline 
with ammonium hydroxide, and the solution saturated with hydrogen 
sulpliide, mercuric sulphide l^ing obtained in a quantity correspond- 
ing to one-third of the mercury originally present in the mercuric 
acetate salt, 

When the substance is boiled with methyl alcohol for about two 
hours, N*isodiaeetoxyinercuri*p*aminobenzoic ethyl ester separates out, 
and if the mother-liquors are diluted with water, aeetoxymercuri- 
p*arainoben 2 »ic acid etliyl ester, M.pt. 228° C., is obtained. 

If the methyl alcohol in the above operation be replaced by acetic 
acid, the resulting products are the mono* and diacetoxymercuri com- 
pounds. These changes are shown below : 




NH.Hg,OAc 

,-^Hg.OAo 
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,/^Hg.OAc 

I [ 

WaEt 



Acetoxymercuri-p-aminobenzoic ethyl ester, — A mixture of 
3 grams of the ethyl ester and 6-3 grams of mercuric acetate is heated 
in a glycerine bath. At 130° C. tiie mass beeomes liquid and acetic 
acid is evolved, and as the temperature rises to 160° C. the melt solidifies. 
The product is cooled, pulverised, and extracted with methyl alcohol, 
the solution partly evaporated and diluted with hot water. The acetate 
crystallises in shining, bushy needles as the solution cools. Yield 
2-3 grams. 

Using the same quantity of starting material and carrying out the 
inercuration in acetic acid solution, the reaction takes twenty*four hours, 
and 3*3 grams of product are isolated. Both methods give a certain 
amount of diacetoxymercuri derivative, which remains behind during 
the methyl alcohol extraction. 

The compound melts at 182° C., tlien solidifies, and melts again at 
228° C, It is only slightly soluble in ether or petroleum ether, but 
soluble in other organic solvents. With ammonium sulphide it gives 
a yellow sulphide, but prolonged boiling with this reagent precipitates 
black mercuric sulphide. It is converted to the chloromercuri compound 
when treated with sodium chloride. 

Hydroxymercuri-p-'aminobenzoic anhydride, 

NH, 

l^Hg 



CO— o 



The preceding acetoxymercuri compound (3-1 gmms) is powdered, sus- 
pended in 40 c.c. of water and boile^ for a short time with 16 5 c.c. of 
Normal sodium hydroxide {2-25 mols.). The addition of 9-2 c.c. (1-25 
mols.) of Normal sulphuric acid precipitates the anhydride in white 
flocks, excess of acid being avoided or the anhydride will dissolve, form- 
ing salts. Yield 2-4 grams. It is only slightly soluble in the usual 
solvents. The ammoniacal solution gives mercuric sulphide, if warmed 
with ammonium sulphide. It dissolves in water, and aqueous solutmns 
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of j)otassinm chloride, iodide, or sodinin thiusuipJiate; whilst in bases it 
is soluble, Ibriuinu salts. 

Diacetoxymercuri-'P-aminobenxoic ethyl ester. — One method 
of preparation has already been mentioned and two others are available. 
{a} By iieatiiu; the X-iso compound witli acetic acid; {b) 1 "ram of the 
ethyl ester in 3 e.e. of iieoti<‘ aeid is treated with -t-:l "rams (2 mols, ) of 
uicrcurie acetate in 10 c.c. of the same solvent. After several days 
tin,- ery.stals are liHeVed off mxl washed with methyl alcohol and ether. 
Yield V-t j^rauis. It melts at 25,5 ‘ to 257 C., and is rather insoluble, 
except in aec-tie ac-id or ethyl acetate, ilentiii;; with acetic anhydride 
in aecti<- aeid solutitai [woduces an aniyl deriv-ati\‘e, fine needles from 
dilute alcohol, M.pt. ‘i tT^ C. Theiidditinii of hot Xormal. sodium chloride 
solution to the compound in methyl alcohohacctic acid mixtiiro gives a 
tlieoretical yield of the dichhtroinm’uri eompoimd. It erystalli.ses in 
small needles, which melt at about 270"' C.' 

Mercuri-biS“p-aminobenzoic ethyl ester, II"(Cf.H...XH.,.CO, 
OKt),^.- The corrcs})onding chloromercnri body is heated with aqueons 
sodium thiosulphate, a lloceulcnt precipitate soon forming. This crystal- 
lises from ethyl acetate in shining ncedle.s, M.pt. 17G" C.- 

I)f.riv.\tivf.s of Cinnamic Acid and its E.stehs. 

Biilman ® has .shown that when the malenoid forms of eomponnds 
containing oleliuc linkages contain two negative groups, they react 
witli mercuric salts to form eoinpk-x mcTenry compounds. Since 
allocinnamic aeid reacts with luercurie eliloiide in this manner, whilst 
ordinary einnaiuic aeid does not, tlic conclusion has been drawn that 
the alloeinnumie aeid has the cis couliguration. 

Anhydride of a -hydroxymercuri-^-hydroxy-^-phenyl propionic 

acid,^ 

CeHs-CH-CII-C-O 

! I I 

OH Hg-0 

This snbstanee is prci)urcd by adding a hot solution of mercuric acetate 
tcjt a iHuliug aqueous solution of allocinnamic aeid. It crystallises in 
colourless niicrosa)pic crystals, which have neutral properties. Its 
alkaline solutions ait- not affected by ammonium sulphide, unless allowed 
to stand for a considerable time, wheii mereuric sulphide separates out. 
When heated with hydrochloric acid, mercuric chloride and ordinary 
cinnamic acid are produced. The anhydride reacts with potassium 
iodide according to the equation 

/CO, 

HO,CnC«Hj.CH< I +2KI =HO.CHC«H5.CH2.COOK+Hgl2 +KOH 

Mlg 

* p.Aminobeimiic acid iscjbutyl ester is dealt with In German Patent, 24829L 

* for mechanism of laercuration of 3-aeetainlno-4-hydroxy benzoate and sodium 
aralnobenzoates, see Masehuraun, Anmlen, 1926, 450 , 85*, 98. For diaminodiphenyl- 
dicarboxylic acids, see Blumenthal, Biochem. Zeit., 1911, 32 , 59 i 1912, 39 , 50 ; 1914, 65 
400; CktM, Zenk"., 1911, i. 1523 5 1912, i. 1031 ,- 1914, i. 1245. Arylaiiiinosulphonic ax;ids 
are dealt with in German Patent, 281009. Sulphophenol carboxylic acids, German 
Patent, 4IOM9. 

* Biilmann, Ber., 1902, 35 , 2766, 

‘ Biilmann and BJerrnm. Ber., 1910, 43 , 568. 
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a - Acetoxymercuri ~ j3 ~ methoxy “ jS - phenylpropionic methyl 
ester,^ 

CcHs— CH CH— COoMe 

1 I 

OMc Hg.OAc 

Mercuric acetate (19-6 grams) is dissolved in 100 to 120 c.c. of warm 
methyl alcohol and 10 grams of methyl cimiamate stirred in. After 
six hours the reaction is complete, and in two days 18 grams of product 
are obtained. Yield 65 per cent. It is easily soluble in the usual 
organic solvents, and crystallises from ethyl acetate in warty needles, 
M.pt. 140-3° C. (corr.); from methyl alcohol spear-shaped Cly^stals are 
deposited which change in four to .six day.s to prisms. Tlie acetoxy- 
mercuri group reacts in the usual way with alkali halides, forming a 
chloride, short needles, M.pt. 133-5° C. (corr.); needles, M-pt. 

110-5° C.; iodide, needles, M.pt. 100° C. The acetoxymercuri group 
may also be re]:>laced by sodium diethylbarbiturate when the corre- 
sponding veronal compound is formed. 

Anhydride of a - hy droxy me renri-jS- methoxy - jS - phenylpro- 
pionic acid, 

CeHs— CH CH— C=0 

I i I 

OMe Hg— O 

This derivative is obtained in a pure state when the preceding compound 
is saponified by heating with Normal sodium hydroxide and then Normal 
sulphuric acid added. It decomposes at about 187° C., and its solution 
in ammonium hydroxide yields mercuric sulphide immediately when 
treated with ammonium sulphide, whilst its alkali solutions give pre- 
cipitates with aqueous solutions of the salts of heavy metals. 

a-Acetoxymercuri-j8-ethoxy-jS-phenylpropionic methyl ester. 
— The preparation is carried out as for the methoxy compound, but 
the methyl alcohol is in this case replaced by ethyl alcohol. It crys- 
tallises from ethyl acetate in long needles, M.pt, 123° C., easily soluble 
in most organic solvents. When treated with alcoholic ammonium 
sulphide, jS-ethoxy-jS-phenylpropionic mctliyl ester is formed, as a colour- 
less oil, B.pt, 256° C- (corr.). 2 The chloride crystallises in needles, M.pt. 
114° C. ; the bromide in small needles, M.pt. 85° C.; the iodide in small 
prisms, M.pt. 71° C. The internal ayihydride may be prepared by warm- 
ing 3 grams of ester with 15 c.c. of Normal sodium hydroxide until a 
clear solution is obtained, and then adding 10 c.c. of Normal sulphuric 
acid. It decomposes at 191° C, (corr.). 

The following derivatives are prepared in a similar manner to tlie 
methoxy compound and the change of alkyl oxy group is brought about 
by carrying out the mercuration in the corresponding aloahol, 

a-Acetoxymercuri-jS-propoxy-^-phenylpropionic methyl ester 
yields white, matted needles, M.pt. 135-5° C. (corr.), very soluble in 
the usual solvents. The yield is about 71 per cent, after two weeks’ 
standing. The chloride, bromide, and iodide crystallise in ne^edles, 
melting at 109°, 84°, and" 84° C. respectively. The internal anhydride 
decomposes at 188° C. (corr.). 

a - Acetoxymercuri - jS - isopropoxy - j8 - phenylpropionic methyl 

^ Sohrautli, Sohoelier, and Struensee, JSer., 1910, 43 , 60S. 

* Schmutli, SchoeHep, ajid Stm&nsee, Ber., 1911, 44 , 1048, 1432. 

VOL. XI. ; I, 



12 




178 



ORGANOMETALLIO COMPOUNDS. 



ester occurs as white, felted needles, M.pt. 150° C. (corr .) ; the anhydride 
decomposes at 191° C. 

a ~ Acetoxymercuri - ^8 - isobutoxy phenylpropionic methyl 
ester yields white needles, M.pt. 154° C. (coir.), the reaction taking 
eight days for completion. The anhydride decomposes at 193° C. (corr,). 

a-Acetoxymercuri-jS-methoxy-^-phenylpropionic ethyl ester 
is much more difficult to obtain than the methyl ester, the reacting sub- 
stances being allowed to stand for twelve days before being remo%^ed. 
The compound crystallises in prisms, M.pt. 107° C. ; yield 45 per cent. 
A similar yield of the corre.sponding benzyl ester may be obtained in a 
few day.s. This substance crystallises in long, silky needles, M.pt. 127° C. ^ 

A compound has also been obtained from allyl cinnamate by treat- 
ing it with 2 niols. of mercuric acetate in methyl alcohol solution. 
Sodium chloride solution is added, and the oil which first separates 
solidifies on standing. The formula assigned to the substance is 

CeHs.OMcCH.CHlHgCllXOgCHa.CHOMe.CHaHgCl 

It is readily soluble in alcohol, chloroform, benzene, or ethyl acetate, 
and is precipitated from it.s .sodium hydroxide .solution by sulphuric 
acid. 

a -Merc uri-di-jS-anhydrohydroxy-^ -phenylpropionic acid. — 
When the anhydride of a-hydroxymercuri-^-methoxy-jS-phenylpro- 
pioiiie acid is moistened with alcohol, then suspended in water, and 
potassium iodide added until a solution is obtained, the addition of 
Normal sulphuric acid gives a white, flocculent precipitate. It crys- 
tallises from alcohol in shining rhombic leaflets, M.pt. 200° C. w'ith decom- 
position. It acts as a dibasic acid, and does not yield mercuric sulphide 
when treated with ammonium sulphide. Probable constitution : 

cjij— CH — cn— CO 2 I 1 

1 ! 

0 Hg 

1 1 

CgHj— cn CH— CO 2 H 

<x - Acetoxymercuri -methoxy-jS - phenylpropionic 1 -menthyl 
ester,® -l-Menthyi cinnamate in methyl alcohol is treated with mercuric 
acetate in the usual way. It melts at 95° to 105° C. and gives the value, 
in chloroform solution. 

When the compound is treated mth sodium bromide in methyl 
alcohol solution, the a-bromamercuri derivative is formed. This has been 
isolated as two optical isomerides : the first has M.pt. 145° to 146° 
C,, [a] ,**''-48'C°,- the second has M.pt. 134° to 135° C., [a]n^® -t-61‘9°. 
Similarly the iodide is obtained as a mixture of the two isomerides, 
M.pt. 126° to 128° C.. -f fiS‘89°, and M.pt, 102° to 103° C., [a]jy^^ 

—24-27° respectively. Only one chloride, however, has been obtained. 
M.pt. 150° to 152° C., [ajn®®— 45-08°.® 

From j8-Hydroxynaphthoic acid.'*— To a boiling solution of 1-88 
grams of jS-hydrox^maphthoic add in 25 c.c, of 96 per cent, alcohol, a 
solution of 8*2 grams of mercuric acetate in 25 c.c. of boiling water is 

* See Oerman Patent, 22^77. 

* SandWm aaid Marvel, J. Amer. Chem, Soc., 1926, 48, 1409. 

* The following with f|pwtne .- German Patents, 267411, 267412, 279957. 

* Brieger and Sdmteiraann, J. pmU. Chem., 1914, 89, 97. 
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added with shaking. A yellowish-white precipitate is obtained which 
is readily soluble in sodium hydroxide, but not acted upon by cold 
ammonium sulphide. This is filtered and washed first with 90 per cait. 
alcohol, then with much water and dried over calcium chloride in vacuo. 
The preparation is a pale yellow, fine powder, insoluble in all organic 
solvents. It is soluble in alkali, imparting a pale yellow colour to the 
solution. This solution when treated with stannous chloride gives 
metallic mercury. It therefore contains no preparation of the type 
R— Hg— R. With iodine in potassium iodide the mercury is removed, 
and a compound of jS-hydrox^maphthoic acid formed . Sin ce the analysis 
for mercury is somewhat low in compound I., it has been suggested that 
salt formation takes place between the mercuratecl product and the 
excess of acid present, giving compound II., as excess of naphthoic acid 
cannot be removed by careful washing With alcohol. The same com- 
pound is also obtained when the acid is mcrcurated by means of mercuric 
oxide. The above facts are represented by the following formulsc : — 



Hg- 

/X/\ 

\/\/ 

I 



OH 

coo- 




A dimercurihydroxy naphthoic acid cannot be obtained, and mercura- 
tion of ^-hydroxynaphthoic-4 : 7-disulphonic acid has not been very 
successful. 




CHAPTI::R X. 

MERCURY {eoniiuued). 

MiscnLiiAxi'.oi’s Mercury Derivatives of Orgakic Compouxds. 

MHIiCVRY COMPffUSDS DERIVED FROM OLEFIEEE. 

Tiif. c'oiiijKuinds formed Irom the ethylencs have ^nven rise to con- 
siderabk- discussion. Tiie fonnnla' assiyoied to them are very complex, 
and n<i two investiifators seem in a<jreement as to their constitution. 
'I'his is probably due to experiments not beinaf carried out under standard 
conditions. Hofinaim and Sand ^ di^’ide the compounds obtained )jy 
the action of ethylene on mercuric salts into the followinii tyi)es - 

1. Ethene mercury salts, Cn_>=CH.HgX 

2. PolynuTised ethene mercury salts, (C.IIjHgXjjj 

3. Ethanol uiereury salts, OII.CHa-CHi-n.uX 

4. Ethyl ether mercury salts, 0(CIl2.CH2-Hg^)2 

The formation of these types is explained on the as.sumptioii that the 
mcreiiric salt. IlgX^, ionises into HgX and X ions, which combine with 
the ethylene to form Cll 2 X,CH.„HgX. If such a compound loses its 
hydrogen halide it forms an ethene compotmd. Hydrolysis of the com- 
pound would form an ethanol salt, whilst partial hydrolysis and coup- 
ling with the original eoniponnd would give the ether type, if hydrogen 
halide were lost. 

They draw the following distinction between ethanol salts (I) and 
ether .salts HI) : — 

1. An alkaline solution of (I) in potassinm iodide remains clear, but 
(II) gives a white precipitate. 

2. An alkaline solution of (I) gives a white precipitate with potassium 
sulphide. s<j>hible in hot jiotassium hydroxide : (II) gives a white pre- 
cipitate, insoluble in boiling potassium hydroxide. 

-4. The halogen-free alkaline solutions of ether salts yield insoluble 
earlxmates, whilst the ethanol salts do not. 

Manchot and his co-workers have criticised the above types and 
eonsiiler tljcm to be molecular addition compounds. Their arguments 
will be found when discus.ring the respective compounds. 

In the ease of the acetylene compounds very little satisfactory work 
has been accomplished, and with both ethylenes and acetylenes only 
such work as has given more or less definite results has been included in 
the following pages. 

The refere,nces given on the next page should be taken along with 
those given in the text by anyone desiring a more complete knowledge 
of the work done on these compounds. 

* Hofmann and Sand, Ber., 1900, 33 , 1340, 2092. 
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Ethylene,'^ butylene and aniylene,- acetylene,^ isopropyl acetylene J' 

Ethanol mercuric chloride, CHaOH.C'Il^.lIgCl.'’ -Ethyk-m* is 
passed into a nearly saturated solution ol’ mercuric chloride, and a 
double salt of the ethanol compound ivith mercuric chloride is obtained. 
This is washed free from other compounds and rccri'stailiscd from spirit. 
It forms plates, soluble in potassium h}‘droxidc, frrmi which solution 
carbon dioxide precipitates ethanol mercuric chloride. The chloride is 
also formed by the action of ethylene on saturated mercuric acetate, 
treating the solution, intli potassium chloride, then precipitating tho 
compound l>y carbon dioxide. It melts at 155^' C. 

This compound with potassium cyanide or concentrated acids (not 
acetic acid) jdelds ethylene. From an aqueous solution of the chloride, 
hydrogen sulphide precipitates all the mercury as sulphide, hut from 
an alkaline solution potassium hydrosulpliide predpitates ethanol 
mercuric sulphide {CH 20 HCH 2 Hg) 2 S. 

Ethanol mercuric bromide is prepared in a similar maimer to 
the chloride. It has also been formed from the mother-liquor obtained 
in the production of ethanol mercuric sulphate by tlie action of ethylene 
on mercuric sulphate. The liquor is saturated with ammonia, then 
treated with acetic acid, the grey -black residue filtered off and potassium 
bromide added to the filtrate, the bromide separating ont.‘‘ It crys- 
tallises from alcohol in thin, glistening plates, IMqit. 158’’'' C., which 
yield ethjlene when treated with 20 per cent, hydrochloric acid at 1.? ^ C. 
A similar result takes place with 30 per cent, acetic acid, the re- 
action becoming more rapid on heating. Cold sodium and aiinnoiiium 
hydroxides give dear solutions from which ammonium sulpliide throws 
down a whi tc precipitate. By bromme in alcohol . the bromide is oxidised 
to bromoniercuri acetic acid, HgEr.CH 2 .COOH. Sodium ethylate with 
an alcoholic solution of the bromide precipitates a white powder, 

CIH—Hg 

I “ I 

CHg— 0 

which melts indefinite!}* at 146° C-, is soluble in water and alkali, from 
which solution dilute acids give a white precipitate. 

Evaporation of the bromide with acetic anhydride gi\’es an acetyl 
dcilvativc, HgBr,CH2.CIl2.0Ac, lustrous lealiets, M.pt. 75° C., which 
with hydrochloric acid yield ethylene. 

When oxidised by permanganate the bromide is con\*ertcd mainly 
into oxalic add, bromomercuri acetic acid being formed at the same 
time.’ 

* Sand and Breest, Zeitsch. anorg. Chem., 1907, 59, 424 ; Sand, Ber.f 1901, 34, 1385 ; 
Anmhn, 1903, 329, 138. 

2 Denigfes, BuE. 80 c. chim., 1898, [3], 19, 494. 

® Plimpton. Proc. Chem. Soc., 1893, 8, 110 ,• Keiser, Amer. Chem^ J., 1893, I5> 537 ; 
Idlmpton and Travers, Tram. Chem. 80 c., 1894, 65, 266; Biginelli, Chem. Zenir., 1898, L 925; 
Le Comte, J. Pharm. Chim., 1902, [6], 16, 297 ; Chem. Zentr., 1902, ii. 1499 ; Burkard and 
Travera, T ram. Chem. 8 oe., 1902, 81, 1270 ; Biltz, Ben, 1903, 38, 133 ; Brame, Trans. Ohm, 
Soc., 1905, 87, 427 5 Nieuwland and Maguire, J. A^ner. Chejn. 80 c., 1906, 28, 1025 ; French 
Patent, 479^6, Chem. Abs., 1914, 1 1, 870 ; Swiss Patent, 74446, Chem, Abe., 2027 ; Patents 
Chem, Abs., 1918, 12, 42, 280, 484, 566, 5Sa 

* Perkin, Chem. Abs., 1913, 7» 2095 ; British Patent, 277 (1913). 

® Hofmann and Band, Ber., 1900, 33, 1340, 2692. 

® Blilmann, Ber., 1900, 33, 1641. 

’ Sand and Singer, Anmkrn, 1903, 329, 166. 
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Ethanol mercuric sulphate, (CH20HX‘H2.Hg)2S04. — Ethylene is 
passed into a solution of mercuric sulphate, and the sulphate is precipi* 
tated as a white crystulliuc body'. It is easily soluble in warm w'ater,‘not 
decomposed on boiling with aninioiiimn liydro?:ide, and givc.s a white pre> 
ci}htate with ammonium sulphide. Although stable to boiling alkali, it is 
decomposed by boiling acid, mercuric snlphate being formed. Concen- 
trated hydrochloric acid decomposes it with the evolution of ethylene. 

Ethene mercuric iodide, CH.,=CH— Ilg— I. — A .solution of 
iiicrcnric nitrate is treated with potassimn hydro^:icle until a slight pre- 
cipitate is formed. The latter is then dlssoh'ed I)y passing in ethylene, 
more potassium hydroxide is added to gi\‘c a precipitate and more 
ethylciiff passed in. This process is repeated until no more ethylene is 
absorbed. Potassimn iodide .solution is added and carbon dioxide 
piisscd ill, glistening silver plates of the iodide being precipitated. It 
melts at 1 17'^ C., is e'dsii>‘ soluble in hot alcohol and fairly soluble in hot 
water. It is dccompo.scd by hydroeliloric acid or jxitassiuni cyanide 
vith c^'olution of ethylene. Boiling with mercuric oxide and potassimn 
hydroxide yields the insoluble form of dimercuri acetic acid, (ITOHg) 
(tlg)C.COdlf,^ The iodide is easily soluble in alcoholic potash, either 
the hfdwide, CIl2--CII.llg01I, or the anhydride, CHo.CHj.Hg.O, 



being formed, and the alkaline solution of this compound when boiled 
with mcthy'I iodide regenerates the iodide. At 1.50'" €. methyl iodide 
dceoinjOTses the iodide, forming mercuric iodide and hydrocarbon. 
Reduction hi alkaline .solution by sodium amalgam or electrolysis gives 
ethyl alcohol When ethanol mercuric chloride in methyl alcohol 
Sdlution Ls treated with sil\-er nitrate, ethene mercury nitrate is formed, 
CHg -CH.IIgNO>^. It ery.stalliscs in .strongly refracting plates, easily 
soluble in water and exploding \\‘lieii heated. The addition of a little 
dilute liydrochlorie add to the acjucous solution precipitates ethanol 
mercuric chloride. 

Ethyl ether mercuric chloride, (HgC'l.CH2.CH,)20. — Ethylene 
is passed into a nearly neutral solution of mercuric sulphate, a sulphate 
of wniposition C eHg^lSO^lgO^Hjo being precipitated. This is dissolved 
in -10 per cent. ix)tassium hydroxide, potas.sium chloride added, and 
carbon dioxide passed in. The precipitate chloride meltsat about 190° C., 
is slightly soluble in water, alcohol, or ether. The corrasponding bromide 
is obtained by substituting potassium bromide for the chloride. It is a 
line, white jwwder, has a similar solubility to the chloride, and sinters 
above 200° €. It only reacts very slowly with dilute hydrochloric or 
acetic acid, whereas the ethanol salt is readily attacked. It dissoh'es 
in sodium hydroxide, forming a clear solution. 

An alkaline solution of the sulphate when treated with carbon 
dioxide yields the carbonate, [(Hg.CHa.CIl2)20]C02. 

An ethene mercuric iodide of the polymerised type (C2H3HgI)a, is 
formed by the action of {wtassium iodide on the sulphate. It crystal- 
lises from alkali in platelets, M.pt. 161° C, 

An analogous s^^hide is obtained from an alkaline solution of the 
sulphate by the action of potassium hydrt>sulphide. It is a white 
precipitate, unchanged by boiling with water, and is insoluble in hot 
potassium hydroxide. 

1 Hoimann and Sand, Ber., 1901, 34 , 1383, 2906. 

* &tnd and Singer, Ben, 1902, 35 , 3180 




MERCURY. 



183 



Mercurodiethylene oxide, 0 ; (C2H4)., : Ethyl ether mer- 

curic bromide dissolved in 10 per cent, potassium hydroxide is treated 
with an alkaline stanuite solution until no further precipitate is obtained. 
The grey-violet product is decanted, washed, and dried over sulphuric 
acid. Yield nearly quantitati^‘e. It is a blihsh-black precipitate, 
sintering at 80° C. and melting at 140° to 150° C., insoluble in water, 
alkalies, and the usual organic soh'ents. It is completely decomposed 
by hot hydrochloric acid, and when heated with benzene in a sealed 
tube at 1 40° C. is converted into mercury and the mercuric compound. 

Mercuridiethylene oxide, 

/CH,— CHov 

0< Vg 

^CHs— CH2/ 

Prepared as just described, it crystallises from benzene in glistening, 
colourless needles, M.pt. 145° C., insoluble in water, alkali, or dilute 
mineral acids, but readily soluble in mo.st organic soh'ents, except 
ether and acetone. It is not decomposed when heated with potassium 
hydroxide, iodide, or cyanide, but with fuming hydrochloric acid it 
gives a theoretical yield of ethylene.^ 

Manchot and Kliig ^ criticise the above work of Hofmann and Sand, 
and ad^’ance arguments against the structures given abo\^e, in favour 
of additive formuhe. Their points are : 

1. Hofmann and Sand’s formula does not explain why the com- 
pound of the type CH^OH.CHa-HgX is immediately decomposed l)y 
halogen acids with the evolution of ethylene, whereas it is stable towards 
other acids. According to Manchot, a similar result is obtained by 
potassium cyanide or thiocyanate in tlie presence of acids. 

2. The reaction is caused by all those substances which combine 
with mercuric halides to yield additive compounds of the t3’pe HgCl.^. 
2HCI, and may be expressed by the equations : 

C2H4,0H.HgCHhHCl.^€2H4.HgCl2-}-H20 

and 

C'sH^.HgCl 2 -t- 2 HCl^HgCl 2.2HC1 +C 2 H 4 

3. It was shown by Sand that the complex C2H4.Hg(OH) is univalent 
and that the dichromate was prepared by Manchot and expressed as 



[C2H4.Hg{0H)]2Cr20, 



4. The decomposition by iodine of the ethylenic compounds con- 
taining mercury is more readily explained by the additive formula. 
It is assumed that the iodine displaces the oxygen, followed by the addi- 
tion of oxygen at the double bond, thus yielding CH2I.CH2.OH and 
O ( CH 2. CH2I ) 2 respective! y, 

5. According to Sand’s formula, the ethanol mercuric iodide should 
yield propyl alcohol when treated with methyl iodide, whereas methyl 
alcohol, ethylene, and mercuric iodide axe obtmned, 

^ Saad, jBer,, 1901, 34, 2910. 

* Stoehr, J. pmH. Chem., mi, 12], S& 80- 

* Manchot Kl%, Annal&a, 19^, 420, 1*10^ 
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C, Eliiyl ctluT mercuric suits v idil clhyiem,* when heated with 
metliyl iodide at IH)' 

>2C oil .fll^d .0.11 Ld I j ^-‘JllLd 2 - ( CHs )/) 

and this is also a<h um*( d to sujiport the additi\ c structure. 

Acetoxymercuri -ethyl methyl ether, .VeOIIfr.rifp.nio.OMc.' — 
M(*re\irie acetate (20 u'nmts. SS ])er e(*nt.) is sliaken with 100 e.e. of 
methyl aloshol. and air-free ethylene ))assed in. The ahsorptiem is 
measured, and iiMuu* hour at 22 T. and 700 mm... IfOOe.e.of ethylene are 
absorbed. Wlnai the reaetion is eoniplcte the mixture is distilled under 
reduced pressure to reuujx e the aleohoi ajid ar'ctic acid, and a \‘dJou‘, oily 
liquid remains. This after .standing for twenty-four hours i/i vacuo over 
sulphuric acid ami caustic alkali .solidities (17 ^iranis). Yield 82 per 
cent. It crystallises from petroleum ether in fine needles, M.])t. 42'’ C., 
easily soluble in water and the usual solvents. ITeated with a little 
hydrochloric acid in aqueous .solution it yields the chloride, but with 
exce>ss of hydroehloric acid ethylene is evolved on <fc*utle warming. 
With ammonium su]]»hifle a whil<‘ amorphoins sulphide is precipitated 
which splits off mercuric suljdiide on warming. Sodium stannite 
solution tfi\ es ni eta Hie mercury in the cold. The acetate decolorises 
permanganate uikI ethereal iodine solutions. 

The hrumidr is obtained by treatimf the alcoholic acetate with 
aqueous potassium brouiide, It crystallises in small boshes of while 
needles, M.pt. 58 (*., which are readih* soluble in all the usual solvents, 
except light petroleum. The corresponding iodide crystallises in white 
needles or plates, not i)artieularly stable. 

Acetoxymercuri “dimethyl ether is jjrcpared in the same way as 
the })rcecding compound, hut the reaction takes longer to complete. 
Yield 95 j>cr cent. It lorms line white needles, .sintering at 33° C. and 
melting at 3€ C. The oMoride yields white needles, M.pt. 92° C., and 
■when heated with inetln‘1 iodide at ]00° L\ practically 1 mol. of 
ethylene is produced and mercuric iodide formed. 

Since these compounds are readily decomposed by halogen acids 
yielding ethylene, mid the latter is evolved when they arc treated with 
alkyl iodides, the following constitution has been proposed 

C.2H4.Hg(OKt)X 

Propanol mercuric chloride, ^ CTIa.CHOlI.CHg.IIgCl.— Propylene 
is passed into an alkaline solution of mercuric nitrate, and the required 
amount of potassium chloride added. After tw^elve hours, carbon 
dioxide is passed in and the solution extracted with ether. It crystallises 
from this soh'ent in prisms, melting at alxiut 53° C. Instead of using 
mercuric nitrate, the acetate may l>e used, but not the .sulphate, as a 
yellow precipitate is then obtained which contains much basic sulphate. 

The corresponding bromide is prepared similarly to the chloride, but 
in this case the salt is jirccipitated by the carbon dioxide. It is 
recrystelliseil from absolute alcohol -ether mixture and melts at 76° C. 
The iodide crystallises in needles, M.pt, 68° C,, from benzene or ether, 
It is easily soluble in absolute alcohol, sparingly in carbon disulphide, 

^ ScfaoeEer, Schrautb, and iLwre, Ber., 1913, 46, 2864. 

® Manehot, Ber., 1920. 53, [B]. 9^. 

» .Sand and Hofmann, Ber., 1^, 33, 13^3 ; Sand and Gensslor, ibid., 1903, 36, 3699. 




ilERCUKY. 



185 



beir/-ene, or water. ^Vhen an alkaline .sohition of tlie clilori<le or bromide 
is treated with hydrojjen sulphide, a white sulphide, is precipitated, this 
in time dissolving with the formation of a hydrosidjdudc. 

Dibromomercuri-di~isopropyl ether is obtained by dissolving 
the bromide in alcohol and passing carbon dioyide into the solution. It 
may be purified by solution in pure potassium hydroxide and precipita- 
tion b}* carbon dioxide. It is a hcav}', crystalline powder, insoluble in 
organic soh-ents, and has no melting-point. When dissolved in alkali 
and treated with potassium iodide solution, the iodide is obtained. Tins 
may be recrystalliscd from boiling potassium hj'droxide. It has sunilar 
properties to the bromide. The structure of these compounds is as 
follows ; — 



CH3 CH3 



XHg— CH 



CII— 

I I 

CH.,-~HgX 



Butanol mercuric chlorided — Isobutylene, (CHalgC^CH., (‘on- 
taining a little psendobutylene, CHj.CH^CH.CH^, when passed into 
an aqueous solution of mercuric chloride, only slowly deposits a white 
micro-crystalline compound. If, however, mercuric acetate is used, the 
absorption of the mixture of butylenes is rapid, and the solution becomes 
intense red, the addition of potassimn hydroxide only precipitating a 
little mercuric oxide. Potassium chloride is added, the solution allowed 
to stand for twenty -four hours, and treated witli carbon dioxide. In the 
case of the bromide, the compound is precipitated at this stage, hut to 
obtain the chloride the solution is extracted with ether, from which thi.s 
salt crystallises. It melts at 52 ° C., and is easily soluble in alcohol, ether, 
water, or benzene. The bromide crystallises hi glistening pri.sms, M.pt. 
66° C., the ether solution forming a compound with ammonia having the 
composition HO.C4H8.HgBr.NH3. 

Butene mercuric iodide, C4H7HgI. — When potassium iodide is 
used in the above preparation. Sand and Hofmann state that a butanol 
compound is not obtained, but the butene derivative. It crystallises 
in spears from ether, and prisms from benzene or carbon disulphide. 
All the above substances with 20 per cent, hydrocliloric acid give a 
quantitative yield of olefine and mercuric salt. 

When isobutylene is passed into neutral mercuric sulphate solution, 
it gives an intensely yellow* powder of complex composition. This is 
insoluble in 10 per cent, sulphuric acid, and on boiling with sodium 
chloride a mixture of calomel and a red chloride, C4Cl4Hg4(0H)e,H20, is 
obtained. 

Mercury trichloroethylene, Hg(CCl=CCl2)2* — ^I'ricliloroethylenc 
is shaken for several days with an alkaline solution of mercuric cyanide. 
An oil separates out, the excess of trichloroethylene is removed by 
evaporation, and the residue recrystallised from ether. It crystallises 
in colourless, strongly refracting plates, melting at 83 ° C., easily soluble 
in alcohol or ether. It is decomposed by yellow ammonium sulphide, 
mercuric sulphide separating out. 



^ Sand and Hofmann, he. off. 
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MERCVRY C'OMPOrEDS DERIVE!) FROM AGBTi'LESES. 

Prcdudn from Mcrciine Chloride pure acetylene is passed 
into mercuric cliloritlc .solution a white precipitate is obtained, to which 
Hofmann ^ p'a\-e the structure 

(Ciiig)x- cru 

\/ 

Bilt/ and Mumni ^ state that this compound is really a trichloro- 
fnermri-acftoldehydc, C(nifCl)3.(‘HO. The evidence put forward is that 
the analysis corresponds to this formula^ and also that the following 
equation may represent the reaction : 

C4l2+3lIgCl3-f H 3 O -^C(IlgCl )3.CH0+3HC! 

I’he equation is ba.sed on the fact that the compound when boiled 
with hydrochionc acid yields 3 mols. of hydrogen chloride and acetal- 
tk-hyde. C‘hloriiu‘ water converts it into inereiiirie chloride and chloral : 

C (J IgCl j.^CHO -p 3 ('l 2 ^CCl.vC'HO ^SllgCl „ 

With an aqueous .suspension or a potassium iodide solution of iodine, only 
mercuric iodide is isolated. Permanganate in the presence of sulphuric 
acid converts it directly to carbon dioxide and mercuric salts, whereas 
Hofmann stated that trichloromercnri acetic acid wa.s fonned. Later,® 
Hofmnmi admitted that his compo^ind was so rapidly hydrolysed by 
water that he could not obtain a preparation free from oxygen. He 
therefore considered hi.s compound to be an aldehyde. When heated 
with aqueous potassium cyanide, trichloromercuri acetaldehyde jdelds 
aldehyde resin, mercuric cyanide, and metallic mercury. Xo precipitate 
is formed wlu»n acetylene is passed through an aqueous solution of 
mercuric chloride containing an excess of sodium chloride. 

Maiichot ^ considers that this trichloromercuri acetaldehyde is 
merely an additive product of vinyl alcohoL 

Although not obtained by the direct action of ethylene, a body to 
which an ethylenic structure lias been assigned is obtained when diethyl 
ether is shaken wth mercury oxychloride. It has beai styled vinyl 
oxfpnermrockhride, CHg=CII.OHg.O.Hg2^'l2*^ boiled for a long time 
with }X)tassium hydroxide solution, and the residue in alkaline solution 
treated with nitric acid, a colourless comjx>und is precipitated, 
CHfeC.Mg2(OH)2.Hg2(OH)2. It will be noted that the compound has 
assumed an acetylenic structure, and has been named “ acetylene- 
mercury"* Treat^ with glacial acetic acid it yields a crystalline acetate, 
CH~C.Hgg.(OAc)j.Hg(OAe)2, decomposing at 100 '’ C. or when boiled 
with water. When nitric acid is added to an alkaline solution of vinyl 
oxymercurochloride, colourlejss acetylene mercury oxychloride is precipi- 
tated, CH=C.HgO.IIgClj. It is an amorphous powder, insoluble in 
nitric or hydrochloric acids, ammonium hydroxide, or alkali carbonates, 
but readily soluble in potassium hydroxide. It is not explosive, but 
when heated volatilises, leaving a carbon residue, 

* Hofmann, Ber.. 189&, 32, 870. 

* BUtz and Mumm, Ben, 1904, 37, 4417, 

* Hofmann, Ber., 1904, 37, 4459. 

* Mjuiehot, Annakfi, 1918, 417, 93. 

* Poleck and Thiimme!, ^r„ 1899, 22 , 2863, 
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From Mercuric Nitrate,^ — By passing acetylene into a cold .sohilion 
of mercuric nitrate for fifteen to twenty minutes, Hofmann obtained 
a corn-pound to which lie a.ssigiicd the formula, CaHgg'N'OiH. He 
also mentions a compound, CaHggXOgH, to which he a.sciibed the 
constitution. 



XO..H 



/Hg\ 

\^Hg/ 



O.CHO 



as being prepared in the following manner : 20 grains of yello^v mercuric 
oxide in 70 c.c. of .’30 per cent, nitric acid and 500 c.c. of water is treated 
with acetylene for two hours at 18'’ C. A greyish-white, powdery 
precipitate is obtained. This is mixed with 150 c.c. of 8 per cent, nitric 
acid, and allowed to stand for .six hours at room temperature, and after 
repeating the operation three times the product is filtered, washed with 
alcohol and ether, and dried in vacuo. If acetylene be passed into hot 
incrcnric nitrate, some mercury separates as well as the above product. 

When boiling mercuric nitrate solution is saturated with acetylene 
the composition of the preeijutate is HgC=CHg.HgNO^,HaO. 'This 
yields acetaldehyde when treated with dilute acids. 

If the mercuric nitrate solution contains an excess of potassium 
nitrite and 1 per cent, nitric acid and acetylene be passed into the cold 
mixture, nitrito-dimercuracetaldehyde is precipitated as a bright yellow 
powder. It is explosive, and is proved to be a nitrite by its behaviour 
towards a-naphthylainine in the presence of acetic and h\‘drochlorie 
acids. 2 

From Mercuric Oxide.^ — When acetylene is passed through a sus- 
paision of mercuric oxide in boiling phosphoiic acid, density 1-15, or 
in 30 per cent, sulphuric acid, acetaldehyde is product. 

From Mercuric Chlorate and Perchlorate.'^—Ckloratoirtmercuriacetalde- 
Jiyde, C 103 .Hg.C(Hg 20 ).CH 0 , is obtained by passing acetylene into 
an aqueous solution of mercuric chlorate or a mixture of sodium chlorate 
and mercuric nitrate. The precipitate obtained is digested with 
3 per cent, hydrochloric acid. The compound is less explosive than 
chforatodimercuracetaldehyde. If the perchlorate is substituted for 
the chlorate, perchloratomercuracetaldekyde is formed, the substance 
being less sensitive to shock than the chlorate. 

From Mercuric Bromide.^ — When acetylene is left in contact with 
the bromide and water at 100° C. in a sealed flask acetaldehyde is 
formed, and methyl acetylene under similar conditions yields acetone. 

Methyl Acetylene. methyl acetylene (allylene) is passed 
into mercuric chloride solution at ordinary temperatures, a white, 
crystalline precipitate is obtained. Kutscheroff gave its constitution 
as 3HgCl2.SHg0.2C3H4, wliilst Biltz and Mumm consider it to be a 
trichloromercuri acetone, CH 3 .CO.C(HgCl) 3 . The product is insoluble 
in water or cold alcohol, but is decomposed by acids, with the formation 
of acetone and mercuric salts. The reaction between methyl acetylene 

^ Hofmann, Ber., 1898, 31 , 2212, 2783 ; Erdmann and Kdthner, ZestocA. anorg. Chem., 
1898, 18 , 48 ; Kbthner, Ber., 1898, 31 , 2475. 

® Hofmann, Ber., 1905, 38 , 1^9. 

* Erdmaim and KBthner, Zeitsdk. cawrg. Chem., 1898, 18 , 48. 

* Hofmann, Ber., 1905, 38 , 1999. 

* Kutscheroff, J^r., 1881, 14 , 1540. 

« Kntseheroff, Ber., 1884, 17 , 18 ; BiKa; and Mumm, Ber., 1904, 37 , 4417, 
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and mercuric bromide takcb place to a Icbs cjttent, and in the ease Of 
increuric iodide no reaction can be ijorccived. 

compouiuL obtained by the adion of metliyl acety- 

lene on alkaline solutions of mercuric iodide in potassium iodide, or 
mercuric eliloridc. It melts at 208'^ to 204"' C. witli slij^ht darkeninj^. ^ 
Methyl acetylene with mereurk* sulpliate drives a compound which 
Kntseheroff dcsi^mates as HirSO i.oIl*T0.3r;.lJ j-TlIeO, and with mer- 
f'uric acetate a wliite amorphous precijiitatc. n»fAe.3lIif0.2C.jH j. 

Ethyl acctdcne yives tfimpounds analogous to those from tlie 
meihyrderivativc. ’riiey dissolve readily in hydrochloric acid, yielding 
metliyi ethyl ketone, and Biltz and Munmi consider the compound from 
mercuric <-hIorido to be trichlorouH’miri^methijl cfhijl heione. The com- 
pound from alkaline* mercuric iodide forms long white needles, M.pt. 

to Ids' C. from 95 per cent, alcohol. Ethyl n-hutyl acetylene and 
ethyl propyl acetylene are said to yield derivatives wnth mercuric eliloridc, 
but the compounds have not been analysed.^ The melting-points of 
the compannde obtained from other mono-substitnted acetylenes by 
the action of alkaline merourie iodide arc as follows ; tert. -biitylacetylene, 
M.pt. bl' to 92" C. • n-amylacctylcne^ M.pt. 61’ €. ; n -octyl acetylene, M.pt. 
s;i ‘ to 8E 

Mercury chloroacetylide, Hg(€iHLCCl) 2 .^ — This compound is 
formed r (I) By .shaking sym.-flichloroethylene witli mereurie cyanide 
ami aipieons potassium hydroxide solution r (2) the gas obtained by 
healing trjehloroelhyicne witli alcoholic potassium hydro .vide is waslicd 
with \viit(*r and coinagitratcd sulphuric acid, then passed into an 
alkaline mercuih* cyanide solution. The product is obtained as a white 
pre-eipitate, whk^h crystallises from ether in thin i|uadratic plates, .M.pt. 
1,8.')' t'.. ticcomjiosing with explosion at 19;)° C. It i.s not attacked 
b}‘ concentrated hydrochloric acid, but with an ethereal solution of 
iodine, when c.xposed to sunlight, it yields ehloro tri-iodoethvlene, 

mi*. -Cl.. 

Mercury bromoacetylide is prepared as above, using dibromo- 
ethylene or Iribromocthyleue. It crystallises in thin, rectangular 
plates. decom])osing at 153’ to 155° C., readily detoiiatiug when rubbed 
on a tile. It Is dceoin}>oscd by^ boiling with potassium cyanide solution 
or dilute hydrochloric acid, yielding bromoacetyiene, and is volatile 
in steam. With mercuric bromide it forms an addition compound. 

When a mixture of hydropn and inonoehloroacetylonc is passed 
into a saturated aqueous solution of mercuric chloride, irichloromermn- 
aretir ueid. (‘(IIgCJ) 3 .C 02 lI, is precipitated as a crystalline powder, 
’fliis is dcconiposed by hydrochloric acid, yielding acetic acid and 
mercuric eliloridc, but in cold potassium hydroxide solution a poly- 
merised form of the acid is obtained. When the mercuric chloride solu 
tion contains sodium acetate, chloroacetyleue give,s dichloromonohydroxy- 
trimercuri -acetic acid, IIg0H.C'(HgCl)2.C02H. From its solution in 
potassium hydroxide, carbon dioxide precipitates trihydrojcymeraun- 
acetic acid, 

C{BgOK),,COM, 



^ JuhriHoii and M'Ehvii, J, Amer. L’km. Xoc., 48 , 472. 

® B6hal, Bull, Boc. chim., 1888, [2], 49. 581 ; Chim. Phis., 1888, [6J, 15, 415. 
^ Johnson and M'Ewcii, hK. cit. 

« Hofmaim and Kirmreuther, Ber., 1908, 41 , 814 ; 1909, 42 , 4232. 
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Products from Phen ijlaceUjlene. ^ 

From Mercuric Chloride. — A white, insoluble, amorphous solid is 
obtained. This when boiled with hydroehlorie acid and steam distilled 
yields acetophenone, but it* steam distilled after addition of the aedd 
some phenyl acetylene is also obtained. 

From Mercuric Bromide. — In this case a 3 ‘ellow, erystalline substance 
is formed, which yields phenylacetylenc and acetophenone if treated 
with concentrated hydrochloric acid and steam distilled. 

Mercury phenyl acetylide, Hg{C 6 H^.C“C) 2 , is formed when 
mercuric oxide reacts with phenylacetylenc. This compound has 
been more recently obtained ^ by dropping a solution of 1 equivalent 
of phenylacetylenc in 20 volumes of 95 per cent, alcohol into a cooled, 
dilute solution of 2 equivalents of alkaline mercuric iodide, the mixture 
being mechanically stirred. The product separates as a white, crys- 
talline precipitate if the acetylene solution is not added too rapidly; 
in the latter case the product is at fimt sticky, but becomes crystalline 
on .standing. The alkaline mercuric iodide is prepared as follows : 
06 grams of mercuric chloride are dissolved in a solution of 163 grams 
of potassium iodide in 163 c.c. of water, and 125 c.c. of 10 per cent. aq. 
sodium hydroxide added. The above crystalline precipitate is stirred for 
two or three minutes, then filtered and washed with 50 per cent. alcohoL 
The mixture should not be allowed to .stand too long before filtration, 
or secondary reactions set in. The crude product is recrystallised from 
benzene or 95 per cent, alcohol. From the latter it forms glittering 
white leaflets, M.pt. 124-5° to 125° C. It is moderately .soluble in cold 
ether or alcohol, readily soluble in chloroform, benzene, or hot alcohol. 

The following substituted acetylenes are prepared in a similar 
mamier : — 

Mercury benzyl acetylide is purified by solution in hot benzene 
and precipitation by petroleum ether, then crystallisation from hot, 
absolute alcohol. It forms white needles, M.pt. 100*5° to 107*5° C. 

Mercury phenyl ethyl acetylide occurs as small, white crystals, 
M.pt. 83*5° to 84*5° C. 

Mercury p-tolyl acetylide jdelds long, white needles, M.pt. 199° 
to 202° C. ; yield 75 per cent. It is moderately soluble in warm benzene 
or toluene, slightly soluble in cold, sparingly soluble hi ether or boiling 
alcohol, and almost insoluble in cold alcohol. 

Mercury p-anisyl acetylideforms small, white crystals from toluene, 
M.pt. 207° to 209° C., when rapidly heated. When heated slowly, the 
salt turns brown before the melting-point is reached. 

Mercury hexahydrobenzyl acetylide yields long, white needles, 
M.pt. 104° C. ; yield 78 per cent. 

Mercury phenoxymethyl acetylide gives long, white needles, M.pt. 
120*5° to 121° C. ; yield 84 per cent. 

Mercury tribromoethylene. — Acetylene tetrabromide is shaken 
for about ten hours \vith alkaline mercuric cyanide solution. A crys- 
talline deposit is obtained, which after crystallisation from ether yields 
raonoclinie prisms, the parameters of which are a b : c=l*4829 : 1 : 
0*5037 ; j8=105° 26', M.pt. 141° C, With yellow ammonium sulphide 

1 Manehot and Haas, Annalen, 1913, 399, 123,* Bilta and Reinkober, Annakn, 1914, 
404, 219 5 Nef, Annalen, 1899, 308, 299. 

® JohnfflDDt and M‘Ewen, J. Amer. Ohem. Soc., 1926, 48, 472, 
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it irives tribroraofcthyleiie, but is not docomposed by })oilin.i? water or 
10 per cent- hydrochloric aeid.^ 

Vinyl bromide ^ (moiiobromoethylene) gives a wlrite, amorphous 
compound when heated with mercuric acetate at lOO® C., the product 
probably being a compound of acetaldelij'dc with mercurous bromide. 

Mermration of Sfijrol (phenyl ethyl enc ) — Two grams of styrol %vith 
a solution of 10 grams of mercuric acetate in 170 c.c. of water are shaken 
for eight hours and the reacticjin product jjonreti into 10 per cent, 
sodium chloride solution. The product is easily decomposed, and with 
sodium hydroxide becomes yellow, with ammonium sulj)hide black. It 
crystallises from water in plates. M.pt. 112° C., the aciueoiis solution 
having an odour of styrol, which becomes intense on warming. X 
similar product is obtained if a mixture of mercuric chloride and 
acetate is used. The compositiou is given as BCgHg.^lIIgOHCl.HgCl^* 

When styryl ethyl ether is warmed at 50° C. with an aqueous solution 
containing 3 mols*. of mercuric acetate, and poured after two hours 
into 10 per cent, sodium chloride, a white precipitate is obtained.^ The 
substaime formulated a.s CHPh =CH.OII,2IIgCIOH, partially melts 
almut 120° t'., is stable towards dilute acids, but decomjx)sed by hydro- 
chloric acid, yielding phenylacetaldehyde. 

DERIVATIVES OF OYUlO. AED DICYGLO.PEETADIEEE.^ 

Cydopentadiene when shaken %vith an alcoholic solution of mercuric 
chloride and sodium acetate gives a heavy white precipitate of di- 
chloromercuri cydopentadiene, C 5 H 4 (HgCi) 2 ,insohiblein all solvents. 

Chloromercuri methoxy dicyclopentadiene, — To 35 grams of 
mercuric chloride in 200 c.c. of acetone-free methyl alcohol, 5 c.c. of 
dicyclopentadiene are added, and the mixture allowed to stand for two 
days at 15° C. It is then filtered, and the filtrate added to boiling water 
until turbidity disappears, and on cxioling the compound is deposited in 
shining crystals. Yield 10 to 12 grams. It is obtained hi pale yellow 
needles, 3I.pt. 133° C., when recrystallised from aqueous methyl ^cohol 
(I ; 2). In alcohols, ether, acetone, benzene, or acetic acid it is readily 
soluble, also in hot alkali. Boiling potassium cyanide solution or acids 
convert it info dicyclopentadiene and mercuric salts. When its solution 
in concentrated sulphuric acid is warmed it assumes a pink coloration, 
with a green fiuoreseence. 

If the methyl alcohol in the above preparation is replaced by ethyl 
alcohol, the corresponding ethoi'y compound is formed. It crystallises 
from aqueou.s alcohol in prisms, M.pt. 98° C. 

The amylojy compoumi is a heavy oil, which solidifies at —12° C.. 
and Is soluble in hot methyl alcohol, from which solution it may be 
precipitated by the addition of water. 

ALKYL AND ARYL MERCURIC ALKYL XANTHATESA 

To the alcoholic solutions of the alkyl or aryl mercuric hydroxides, 
obtaineti from the corresponding cWorides by treatment with sodium 

‘ Hofmann and Kirmreuther, Ber., 1908, 41 , 314 ; 1909, 42 , 4232. 

* Kaytzefl and Glinsky. Jahrf^r., 1867. 563 ; 2kitacL. Ohem., 1867, [21, 3 , 675 ,• Bull. 

Soc. (Inm., 18*)8, [2], 9 , 474. * Manchot, Anmkn, 19^, 421 , 316. 

* Manchot. Haas, and Mahrlein, Annakn, 1918, 417 , 93. 

* Thiek<,Bf r.. I9()l,34,71 ; Hofmann and Seiler, Ber., 1906,39.3187. 

« K.jUm and Adams, J. Am*‘r. Chem. Soe., 1924, 46 , 2767. 
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hydroxide in 200 c.c. of absolute alcohol, 15 e.c. of carbon disulphide 
are added. A slight evolution of heat is noticed, and a faint yellow colour 
develops. Partial evaporation at room temperature precipitates the 
compomid.s, which are recrystallised from 95 per cent, alcohol. The 
products are white, and the yields a\'erage 70 per cent. They arc 
soluble in ether, chloroform, or hot alcohol, but insoluble in water. 
Exposure to sunlight causes them to blacken. Iodine in chloroform 
solution decomposes the compounds, forming the corresponding alkvl 
or aryl iodides and a yellow oil. The following substances ha\'e been 
obtained; melkylmercuric methyl xanihate, CH 3 O — €S — SHgCILj, 
lM.pt. 59° C. ; meihyhnercuric ethyl :va7ithatet M.pt. G9° C. ; ethyl- 
mercuric ethyl xantkate, M.pt. 53° C. ; n-propylmercvric ethyl xanihaie, 
M.pt. 38° to 39° C.; 71-biUylmerciiric ethyl xanthate, oil ; p-tolylmereuric 
ethyl xanthaie, M.pt. 128° C. : 2i~tolyhnercuric methyl xanihate^ M.pt. 14.5° 
C. ; benzylrnercurie ethyl xanthate, M.pt. 74° C. 

DERIVATIVES OF SUBSTITUTED AR7L0XY-FATTY ACIDS,^ 

From Thymoxy -acetic Acid. — One hundred parts of the acid are sus- 
pended in 2500 parts of wmter and mixed with a solution of 100 parts of 
mercuric acetate. After warming for one hour at 70° to 80° C. an 
insoluble sandy powder separates. It is purified by solution in strong 
alkali and precipitation by carbon dioxide. It is insoluble in the usual 
organic solvents, but readily soluble in alkali. The mercury is split off 
again when heated with dilute hydrochloric acid. The compound has 
the following constitution ; — 

Me 




C3II7 

In the same way the following adds may be mercurated : a-guiacol- 
propionic add, a-cravoxy-propionic acid, o-chloropkenylglycoUie acid, 
naphthol fatty acids ox salicyloxy-acetic-add or their derivatives.^ 

DERIVATIVES OF HYDRAZINES.^ 

A solution of 30 grams of ethyl hydrazinecarboxylate in 150 
c.c. of water is added to 63 grams of freshly precipitated mercuric 
oxide suspended in 1 litre of water. A violent gas evolution soon 
takes place and heat is developed- The yellow colour of the 
mercuric oxide disappears, and the mass becomes dirty green. After 
the reaction subsides, the whole is left for several hours, then boiled 
and filtered. The residue is boiled up several times, with about 
500 c.c, of water, and from the filtrate colourless needles separate on 
cooling. These are recrystallised from much water or a little benzene 

1 German Pateat, 261229 ,* cf. Ameiicaa Patent, 1074781 ; British Patent, 4075 (1918). 

* German Patent, 264267, ^als with th§ combination of the above type of deriva- 
tive from phenoxyacetlc acid with alanine to form a water-soluble double compound, 
The compound of o-chlorphenoxyacsetic acid is oombined with sodium diethylbarblturate. 
The mercury compounds may he replaoed by the derivatives of pyrocatecholglycollic acid, 
p-cresoxyvaJeriamc acid or xylenol butyric acid, and the alanine and sodium diethyl barbit- 
urate by urea, acid amides or iaddes, caffeine or polypeptides ,* ej. German Patent, ^1875. 

3 Diels and XJthemann, B&r., 1920, 53 , [B.] 723. 
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or toluene. Yield 5 grams. The compound melts at 1.55'^ C. and has 
the following constitution .• — 

C2H5OX.X N.CO2C2H3 

CjHsOoC.Hg lig.COXaHg 

It is decomposed by hydrochloric acid into ethyl hydrazodicarboxyl- 
ate, mercuric cliloridc, carbon monoxide, and alcohol ; by piperidine 
into ethyl hydrazodicarboxylate, mercury, and piperylnrcthane ; by 
bromine into ctliyl azodicarboxylate, mercuric bromide, and ethyl 
brmuoformate. 

.\ similar derivative is formed from methyl hydrazine carboxylute. 
It mdts at 215“' C, and has similar properties to the ethyl compound. 

DKltlVATlVK OF pyRUIIDlFEA 

Sixty parts of freshly precipitated mercuric oxide and 50 parts of 
2 : G-dihydroxy-l-iniino-dihydro{)yrimidiue-?}-acetic acid (sodiiun .salt ) in 
200 parts of water are shaken for ten hours. The greater part of the 
mercuric oxide dissolves. The liltrato is concentrated in vacuo and 
the residue treated with pure alcohol, tlic mercury derh’ative being 
jirecipilatcd pure in a crystalline form. It is extremeh' .soluble in water, 
ulka!ic.s, or carbonates, insoluble in alcohol-, ether, chloroform, or 
benzene. The couijxmnd has the constitution : ~ 

NH CO 

CO C-Hg 

i 

h’ C=-NII 

CHa.CO.Na 



DBRIVATJVFH OF AALICYL AFD NITROBALICYLALDEHYDESA 

3 : 5-Diacetoxymercuri salicylaldehyde, — ^Ten grams of the alde- 
hytk* and 52 grams of mercuric acetate are dissolved in 500 c,c. of 50 per 
cent, alcohol containing 5 c.c. of acetic acid, and heated for one hour at 
100” C. From the cold, filtered solution 32 grams of crude diacetate 
are obtained, the filtrate yielding a further 10 grams if left overnight. 
I’he addition t)f .sodium chloride to the filtrate gives 8 grams of dichloro 
compound, 

T'he diacetaic is soluble in acetic acid, but insoluble in other solvents. 
It crystallises in needles, M,pt. 234° C, with decomposition. It is 
soluble in aqueous sodium hydroxide, and when boiled with alcoholic 
potas,sium iodide the mercury is split off and salicylaldehyde and potas- 
siuni hydroxide formed. With hydroxylamine or phenylhydraziiie, 
metallic mercury is precipitated. 

The alwve dichloro compound is insolulde in organic solvents and 
does not melt at 270° C. 

^ Crennan Patent, 224491. 

For derivatives of pyraniidoiie, see Weeliuizen, Ohem. Zentr,, 1900, ii. 1628 ; Oliveri. 
Maudali, QazsetUi, 1921, 51 , L 126. 

* IVhitmorp and Middleton, J, Atner. Cihem. Soc., 1923, 45 , 1330 ; Henry and Sharp, 
Trane. Chem. 80 c., 1922, rzr, 1055. 
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3(?)-'Chloromercuri salicylaldehyde.— Ten •/rams oT aldehyde 
in 2 litres of water are treated with 20 y^rams of moreurie acetate, and 
the mixture mechanically stirred until no mercury ions can be detected in 
a test portion after filtorin^r. Filtration yields "1 (trams’ of diacotate, and 
sodium chloride precipitates 19 jrranis of a mixture of mono and diehloro 
compound from the filtrate. Repeated extraction with boilin,<f aleoliol 
^ves 5 fjjrams of pure monochloromercuri salicylaldehyde. M.fjt. 1S9' to 
190° C. When this is suspended in chloroform and "treated with one 
molecular proportion of iodine, an iodosalieyl aldehyde, il.pt. a’i' to oS' C.. 
is isolated, 8*iodosalicylaldchyde melting at 55° C. 

3 - Acetoxymercuri~5 -nitro salicylaldehyde . — Twelve uranis of 
the aldehyde and 23 n-rams of mercuric acetate in 400 c.c. of alcohol and 
5 c.c. of acetic acid are heated for one hour at 100° C. Filtration ^ives 
2G j^rams of product, which deposits pale yellow* crystals from acetic acid., 
which do not melt at 200° C. Its solution in sodium hydroxide is* yellow, 
and when acidified with hydrochloric acid yives the con*espoiidin" 
chloride. This is insoluble in organic solvents and does not melt at 
260° C. 

5 - Acetoxymercuri - 3 ^ nitrosalicylaldehyde. — Four grams of 
aldeh}^de and 7 grams of mercuric acetate when treated as above gi\*e 
9 grams of the compound. It is insoluble in organic solvents and docs 
not melt at 200° C. 

Condemaiion of the foregoing Mercuraied Salicylaldehijdes u)ifk 

Aromatic Amines. 

2 : 5“Diacetoxymercuri salicylal aniline. — Fh*e grams of the di- 
acetate in 10 c.c. of hot aniline give 5*5 grams of a brick-red, amorphous 
product, insoluble in organic solvents and not melting at 200° V. A 
similar product is obtained from p-toluidine. p‘Ainhwhenzoic acid gi^'es 
a deep red, insoluble powder, and anthranilic acid a similar compound. 

3{?)-Chloromercuri salicylal aniline yields flat, yellow plates, 
M.pt, 182° to 184° C., insoluble in organic solvents. 

3-Hydroxymercuri-5*'nitrosalicylal aniline anhydride, 

0 



0 = 

is obtained by condensation between S-acetoxymorcuri-S-nitrosalic)*! 
aldehyde and aniline, 1 mol. of acetic acid being lost during the con- 
densation or on drying. It is a red, amorphous product, insoluble in 
organic solvents, but soluble in alkali. 

3-Chloromercuri-5-nitrosalicylal aniline is an orange-red 
compound. 

DERIVATIVES OF META AND P-EYDR0X7BENZALDEEVDES AND 

THEIR EITRO COMPOUNDS.^ 

2 - Acetoxymercuri - 3 - hydroxybenzaidehyde, AcO.Hg.Cell^ 
(OH).CHO.-— One molecular proportion of the aldehyde in 50 per cent, 
alcohol is mixed with one molecular proportion of mercuric acetate 

^ Henry and Skarji, Trans. Chstn. 80 c., 1922, izt, 1056. 
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in 50 per cent, alcohol containing 1 per cent, of acetic acid. The 
mixture is boiled under reflux and the reaction mixture concentrated, 
when a precipitate separates. This is filtered off, washed witli water, 
alcohol, and ether, and dried. Recrystallisation from alcohol containing 
5 per cent, of acetic acid gives colourless necdle.s, M.pt. 185” to 186° C. 
(corr.) with decomposition. It is soluble in sodium hydroxide, and is 
coloured yellow by sulphuric acid. Iodine in potassium iodide solution 
converts it into iodo-m-hydroxv'benzaldeliyde, and potassium per* 
manganate in acetone solution oxldise.s it to an iodo-ra-hydroxy- 
benzoic acid. Potassium nitrate in sulphuric acid below 0° C. gives 
2-iiitro-3‘hydroxybenzaldehyde. 

4:5- Anhydro - 3 - acetoxymercuri - 5 - hydroxymercuri- 
4-hydroxybenzaIdehyde, 

! ‘ I 

! < 1 

\/ . 

Hg.Oi^e 

When the preceding method is applied to p-hydroxybenzaldehyde, this 
anhydro deri\*ative is produced. It is a colourless, crj’stalline powder, 
iiisohihle in water and most organic solvents, and has no melting point. 
It is soluble in hot acetic acid, being converted into 3: S-diaceioxydi- 
niercun-4r'hydrojybe)izaldehyde, minute, colourless, glistening plates 
being deposited as the solution cools. This compound darkens on 
heating, but docs not melt below 300° C. The diacetoxy deriyati\’e 
gives a turbid solution in sodium hydroxide, from which carbon dioxide 
precipitates 3: ^-dihydroxydm&rcuri-^-Jiydroxyhenzdldehyde, and with 
hydrochloric acid the dichtorodimercuri compound is obtained. 

Iodine in potassium iodide solution converts the anhydro compound 
into 3 : 5-di-iodo-4-hydroxybenzaldehyde. 

The following method of })reparation is a general one for the com- 
pounds now de.scribed. The nitrohydroxybenzaldehyde (1 mol.) mth 
mercuric acetate (1 mol. or 2 moLs.) hi 50 per cent, alcohol containing 
a little acetic acid is boiled until a test portion is completely soluble 
in sodium hydroxide.^ 

5-Hydroxymercuri-3-nitro-4-hydroxybenzaldehyde occurs as 
microscopic, orange platelets, darkening about 285° C„ but not melting 
at 300° C. It forms an orange solution in sodium hydroxide. Addition 
of hydrochloric acid to this solution precipitates the chloromercuri 
compound, which crystallises from alcohol in tufts of minute, colourless 
needles, M.pt. 226° C. (corr.) with decomposition. From a solution 
of the hydroxymercuri compound in glacial acetic acid the acetoccy- 
mercuri derivative separates in colourless prisms, darkening about 
250° C., but not melting at 300° C. The hydroxymercuri compound, 
when shaken witli an excess of 5 per cent, solution of iodine in potassium 
iodide, is converted quantitatively into iodo-3-nitro -4-hydro xybenz- 
aldehyde. 

The mercuration of 6 -nitro-S-hydroxybenzaldehyde leads to the 
production of a solid (A) consisting of dimereurated compomids, and 
concentration of the ffltrate from this yields mixtures of mono- and 
dimereurated compounds. 

Products from A. — This product proves to be insoluble in the usual 
^ Henry and Slia^, Tram. Chtm. 1&24, 125, 1049. 
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solvents, but dissolves in formic, acetic, propionic, or n-butyric acids. 
From propionic acid, orange-yellow needles of 2;4-dipropionoxy~ 
dimercuri-6~nitro-3-hydroxybenzaldehyde separate, These ex- 
plode at 235° C. (corr.) and are sparingly soluble in sodium hydroxide, 
to which they impart an orange colour. If hydrochloric acid is added 
to this solution, the 2 : i-dichlorodimercuri compound is precipitated, 
and may l)e recrystallised from alcohol in colourless, microscopic needles. 

The monomercurated compound is obtained from the more soluble 
fractions by extraction with ether, dissolving the residue in potassium 
hydroxide solution and adding hydrochloric acid. Monochloro- 
mercuri-6-nitro-3-hydroxybenzaldehyde is thus precipitated. It 
decomposes at 198° C. (corr.). The dimercurated product is converted 
by 5 per cent, bromine in alcohol into 2 : -f-dibromo-e-nitro-^-hydroxy- 
beiizaldchyde, and with iodine in potassium iodide solution into 2 : 4-cli- 
iodo-6-mtro*3-hydroxybenzaldehyde. The monomercuri compound in 
a similar manner yields monoiodo-6-nitro-3*hydroxybenzaldehyde. 

If two molecular proportions of mercuric acetate be used, most of 
the product consists of dimercurated compounds. 

4-Kitro-3-hydroxybenzaldehyde also yields a mixture of compounds. 
The dimercurated product appears to be a hydroxymercuri-acetoxy- 
mercuri-4-nitro-3-hydroxybenzaIdehyde. It is insoluble in most 
solvents, but gives 2 : G‘diformoxydmercuri-i~nitro~S‘hydroaybe7izalde~ 
hyde from hot formic acid solution. It crystallises in pale yellow needles, 
which darken at 120° C. and explode at 257° C. When, boiled with formic 
acid, metallic mercury separates. It gives a red solution in potassium 
hydroxide, from which hydrochloric acid precipitates the 2 : G-dichloro- 
dimercuri derivative. This crystallises from alcohol in bundles of 
minute, pale yellow needles, which darken at 240° C. but do not melt 
at 300° C. When heated in vacuo it loses a molecule of water at 60° C., 
and decomposes at 282° C. (corr.). Its potassium hydroxide solution 
is decomposed by carbon dioxide with precipitation of 2 1 3-anhydro- 
2 : 6-dihydroxymercuri-4-nitro-3-hydroxybenzaldehyde. The di- 
mercurated compound may be converted by the usual means into a 
di*iodO“4-nitro*3-hydroxybenzaldehyde, 

Monoformoxymercuri -4 -nitro -3 -hydroxybenzaldehyde may 
be obtained from the monomercurated compound. It melts at 233° to 
235° C. (corr.) with decomposition. Other compounds from this 
hydroxybenzaldehyde are : 'pro'piQ7ioxymercuri~4i~nitro-B~hydrojcyhenmlde~ 
hyde, pale orange needles ; chloromercuri~4<~nitro-3-kydroxybe'nzaldehydef 
decomposing about 187° C. The monomercuri compounds may be 
converted to an iodo*'4-m‘tro-3-hydroxybenzaldehyde. 

Using the general methods described in the preceding cases, 2-nitro- 
3-hydroxybenzaldehyde yields the following derivatives : hydroxy- 

mermriacetocGymercuri-2-nitro~S-hydroxybenzaldehyde, amorphous ; di- 
acetoo!ydimercuri-2-nitro-S‘hydroxybenzcddehyde, pale yellow needles ; 
dichlorodimercuri-2-niiro--d~hydroasybenzaldehyd£, pale green, decom- 
posing at 236° C. (corr.); aeetoaymercuri-2‘nitro-3-hydros(ybenzaldehyde. 
bundles of microscopic needles, not melting at 300° C. ; cMoromercuri- 
2-nitro-3-hydroasybmzaM£hyde, decomposing about 207° C> 

Other s^siittUed Bemaldehydes.^ — 2-Hydroxy-3-acetoxymercuri- 
5-tert.-butylbenzaMehyde, — The aldehyde and mercuric acetate 
in molecular proportions are dissolved in alcohol containing acetic acid 

^ Henry and Sharp, Zoc. cit. 
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and fwiled for fifteen miimtes. The hot solution is then poured into 
ft larjre volume of water, the rcsnltin^f white })rceipitatc filtered off 
immediately and dried i>i vacuo. Heerystallisatiou iroia nleoliol eon* 
tainhi<f aeetie acid ijives white. needle*shaped crystals, M,pt. 2*20^" C. 
If the above preparation be rc]>cated without nsiuj; a solvent and the 
mixture heated for two hours on tin; water-bath, a 73 per cent, yield 
is obtained. 

2-Hydroxy •'S-acetoxymercuri-'S -isoamylbenzaldehyde. This 
compound is pre-pared by the second method mentioned aboye. It 
crystallises in bimdlcs of white needles, M.])t. 13P to 13a' C. 

JiKRiVATIVKS OK .ICF.TorHF.XoyKA 

Phenacylmercuric chloride, (V.Hj.C'O.ClI Two [virts of 
iiierenrie acetate and tliree parts f>f uectopli(aione are quiekly heated in 
an oil-bath loO V... and tin- temperature inaiataiiied until meremy 
ions emi IK) lou.asT be fletceted. The mi.vture is lilfered hot and treated 
with .‘in excess of a« pieous sodium chloride. The precipitate is extracted 
witli ether to remove the excess of acetophenone and reerystallised from 
hiifli-boilino li<rroim Xeeilles are obtained. M.pt. If;)' to 1 fO” C. 
Wanned with dilute hyilroehlorie aeiri it i,ds'es acetophenone and 
mereurie chloride; and with cold aminoiiiuni .snlphide. acetophenone 
and luenairie sulphide. Bromine yiekls phemieyl bromide. 

It reacts ^•iuleutly with ethyl ma^fnesinm bromi<!e forming {chloro- 
memm meihjl ) ‘Cthtjh plienifl-carhi nol, 

Kt 



ClL.lh^C] 

This is a crystalline puwdew M.pt. 129^ to T31° C. with decom- 
position, .niiiinoiumn sulphide dceomposino it with the formation of 
mereurie sulphide, 

Aecto]»henone }‘ieldf> a ])recipitatc when added to an aqueous solution 
eontainin*f mereurie cyanide anti sodium hydroxide. It is a pale yellow, 
insoluble powder, which retains about 3 per cent, of water when dried 
in air. Like the acetone compound, it is decomposed by ix>tassimn 
evanide or hydrochloric acid. Its constitution inav be expressed as 
3{C JIs.CO.cn .--llg), or 

CX.Hjr.cn.Hg.CH.Hg.CH.Hg.CN 
CO CO CO 

I I ( 

CJIb C,Hs CeHg 

Diphenylmethyl ketone also gives a compound wuth mercuric cyanide 
in alkaline solution. 

Productu fmm Iknzalacetophtnone.^ — a-Acctoxymercuri-jS-meth- 
oxy-j8-phenylpropiophenone,— A solution of 25 grams of bcnzalaeeto- 

1 Dimroth, B&r., 1902, 35 , 2853 ; Jilarsh and Fleming Struthers, Tran.^. Chtm. Soc., 
1905, 87 , 1881 ; Urignarti and Abelmann, Bull. Soe. rhim., 19l0, [iv,J, 19 , 18. 

® -Middleton, >/. Atner. Vhm. Soe., 1923, 54 , 2783. 
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phenoiie and 38 grams of mercuric acetate in 250 e.c. of aLsolute methyl 
alcohol is allowed to stand until a sample is soluble in sodium hydroxide. 
The solution yields 53 grams of product on evaporation, and when 
rccrystallised from methyl alcohol it melts at 115'' C. When treated 
with potas.sium bromide (1 mol.) in alcoholic solution it yields tlie a* 
hromomercuri derivative, M.pt. 141'’ C., but with one molecular eqiii* 
^‘alent of bromine the mercur)* is split off, and a-bromo-jS-methoxy*^- 
pheiiylpropiophenone is formed. The latter compound when treated 
with sodium methjdate and afterwards with mercuric acetate yields the 
diacetoxymercuri derivative of dibenzoyl methane. The above a- 
bromomercuri compound reacts with ethyl magnesium bromide, gi^‘ing 
jS'phenyl valerophenone and mercury diethyl. The a-acetoxymercuri 
deri^•ative is slowly decomposed by cold hydrochloric acid, and rapidly 
by hot acid, mercuric chloride and benzalacctophenone being formed. 
Hydrogen sulphide gives an immediate precipitate of mercuric sulphide 
when passed through an alcoholic solution of the compound, and an 
aqueous solution of potassium iodide on boiling decomposes the com- 
pound with the formation of benzalacetophenone. 

In a similar manner the following compounds may be prepared, and 
ha^*e properties like those of the above compounds : — 

a-Acetoxymercu)‘i‘^~ethoxy~^~p}ienyl propiophenone i.s formed as 
abo^‘e, but using ethyl instead of methyl alcohol in the preparation. It 
melts at 134° C. 

The a-bromomercuri compound melts at 138° C., and a~aeefo,vy- 
mercuri-^-meihoxy-^-phenyl-p-diloropropiophenone has M.pt. 121° C- 
Dibenz.alacetone yields an aceioxymercurimethoxy derivative, M.pt. 183° 
C. ; and an ethoxy compound, M.pt. 188° to 190° C. 

DERIVATIVES OF BEyzOPUEFOFE} 

o-'Chloromercuri benzophenone. — Drj* mercuric acetate is heated 
with an excess of benzophenone (3 mols. ) in an oil- bath at 120° C. 
and finally at 130° C. until the reaction is complete. The mixture is 
poured into a hot salt solution and >shaken with ether. The latter is 
distilled off and the benzophenone removed by ligrohi, a mixture of 
mono and dimercurated compounds remamiug. Recrystallisation 
from alcohol produces glittering plates of the mono derivati^m, >I.pt. 
167° to 168° C. Yield 40 per cent. It is readily soluble in acetone, 
chloroform, or ethyl acetate, sparingly in ligrohi. It is decomposed by 
boiling hydrochloric acid into benzophenone and mercuric chloride, and 
its warm solutions are slowly decomposed by hydrogen sulphide. With 
magnesium ethjd bromide it forms phenyl o-chloromercuriphenyl ethyl 
carbinol, which may be crystallised from ctlier-ligroin, M.pt. 106° C. 
with decomposition. It reacts \‘igorously with Grignard reagents, 
but gives no reaction in the cold with hydrogen or ammonium sulphides, 
owdng to the attachment of the mercury to the nucleus, as shown : 

Et 

I 

CfiHs— C-CeH^-HgCl 

OH 

^ Diairoth, Ber., 1902, 35 , 2853 j Grignard and Abelwann, BuU. Soc. ckim., 1916, [Iv.], 
19 , 18, 
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The dichloromermri compound crystallises troin hot alcohol as a 
yellow powder, 

o-'Bromomercuri benzophenone is prepared in a similar maimer 
to the chloride. It melts at alx)ut 176"' C., is* difficultly solul)le in alcohol 
or ether, and bromine transforms it to bromobenzophenoue. The latter 
pives o-bromobenzophenone oxime (M.]:)t. 132’ to 133’ C.), and this with 
alkali gives phenyl indoxazeue, thus fixing the constitution of the bromo 
compound. 



DmiVATIYES OF INDANDIOXE A^^I^ OXINDOKE. 

2“Chloromercuri-2-carbethoxy-mdandione,^ 

Cell/ >0(CO2Kt)HgCl 



The sothuin compound reacts with aipieous mercuric chloride to gi\'e 
the above deri\'ative. It crystallises in colourless prisms, M.pt. 210° to 
2!5‘‘ t'., and isimsohiblc in the usual solvcnt.s, but dissoh'cs in pyridine. 

2 -'Ghloromercuri-2 -acetyl -indandione. 




C(.4c)HgCI 



The condensation of ethyl phthalate and acetone in the presence of 
scaiinin yields 2-acetyl-indandione, and this reacts with mercuric chloride 
forming a colourless, micro-crystalline powder. 

2 “Chloromercuri indandione is obtained by treating sodio-1 : 3- 
diketohydrindene with excess of mercuric chloride in aqueous or alcoholic 
solution.^ The pale yellow salt is easily soluble in pyridine, but with 
difficulty in .sodium hydroxide. When shaken for two days with sodium 
earlxmate the colour changes from yellow to white, and the correspond- 
ing hydroxide is obtained as a w*hite solid. 



DERIVATIVES OF GAMPHORA 

aa-Di-iodomercuri camphor. — 1, Camphor (9 grams) is dis- 
solved in a solution containing 1-5 grams of iwtassium in 50 c.c. of 
ab.solute alcohol. The addition of 13-5 grams of mercuric iodide gives 
no precipitate and the solution is poured into water, a white product 
being deiK)sited. The liquid is saturated with carbon dioxide to prevent 
reduction, and the precipitate collected and dried. It is digested with 
aqueous potassium iodide to remove excess of mercuric iodide, washed 
and dried. Yield 6-5 grams. Reaction is in accordance with the 
equation : 

9C\oHieO-f4Hgl2-b2KOCjHs=CiaHi40Hg3l2+2KHgl3,4CioHi60 

“l-2C2HgO 

2, A solution of 0-75 gram of camphor in a little petroleum is added 
to a mixture of 50 c,c. of Normal potassium hydroxide and 6-7 grams of 

1 Hanfczsch and Gajewskl, Annalen, 1912, 392, 302, 

* Peters, Ber., 1907, 40, 235. 

® Marsh and Fleming Stnithers, Trans. Ohm. Sac., 1909, 95, 1777; Marsh, Und., 
1910, 97, 1410. 
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mercuric iodide, and the mixture shaken until the red colour disappears. 
The petroleum is removed m vacuo and the precipitate washed and dried. 
The above quantities are taken in accordance with the equation : 

CioHi«0+3HgI.+2KOH=CioHiiOHg2l2+K2Hgl4+2H20 

It is found, however, that the product contains a small variable 
amount of the compound CioHi,O.Hg,0. 

3- By the action of cold glacial acetic acid on the substance (C10H14O 
Hg4l2, a 53 per cent, yield of di-iodide is obtained. 

(CioHi40)3Hg4l2-t-2C2H402=CioIIi40Hg2l2-f'2CioHi50.Hg.C2H302 

The di- iodide is a colourless, amorphous powder, insoluble in water 
and neutral solvents. It sublimes without melting and apparently 
without decomposition. It is unaffected by aqueous potassium iodide, 
and is insoluble in alcohol or acetone, but w'hen mixed with potassium 
iodide it is soluble in both these solvents. 

Compound (CioHi40)3Hg4l2. — This body is prepared by dissolving 
camphor in a little petroleum and heating on a water-bath for twenty- 
four hours with an alkaline solution of potassium mercuric iodide. The 
precipitate is dried at 100° C. .4, 51 per cent, yield is obtained using 
2 grams of potassium iodide, 21 grams of camphor, and 63 grams of 
mercuric iodide, the latter being added in thirteen stages. 

It is a pale yellow, amorphous powder, scarcely affected by ordinary 
solvents. Aqueous potassium iodide only slowly decomposes it, but 
in acetone solution the decomposition is rapid. Halogen acids yield 
mercuric salt and camphor. Concentrated nitric acid oxidises it to 
camphoric acid, and concentrated sulphuric acid decomposes it, with 
separation of mercuric iodide. Cold glacial acetic acid gives di-iodo- 
mercuri camphor, but hot glacial acetic acid yields a-acetoxymercuri 
camphor only, no di-iodide being formed. 

CioHi403Hg4l2+3C2H402=HgI-P3CioHi50.Hg.C2H302 

iVith a cold solution of iodine in benzene {CioHi40)3Hg4l2 yields 
di-iodocamphor. Prolonged heating with potassium hydroxide eventu- 
ally gives a compound represented by (CioHi40)2Hg30. Condensation 
of camphor w*ith mercuric iodide in the presence of alkali probably first 
forms the di-iodo compound, which on further heating condenses to 
(CioHi40)3Hg4l2. If in the preparation of the latter the amount of 
potassium iodide is diminished, a compound agreeing with the formula 
(CioHi40)5Hggl2 is formed. It is likely that the potassium hydroxide 
and iodine acting on {CioHi40)3Hg4la, first form more highly condensed 
compounds, (CioHi40)4Hg5la and (CioHi40)5Hgsl2, and the latter is 
decomposed by potassium hydroxide as foUows : — 

4(CioHi40)3Hg4l2=3{C4oHi40)4Hg5l2-f-Hgl2 
^(CioHi 40 )4Hg5l2 = 4(C40Hi4O)5Hg3l2-l-Hgl2 

(CioHi40)5Hgel2+2KOH=2(CioHi40)2Hg30 +2KI 

In the series (CioHi40)2Hg3H is missing, but is probably represented 

by (CioHi40)2Hg30. 

a-Chloromercnri camphor, CjgHisO.I^CL — ^The compound 
(CioHi40)3Hg4l2 is dissolved in cold glacial acetic acid and the solution 
treated with sodium chloride. It crystallises well from glacial acetic 
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acnd, tlic- frystalb at 222' C.. but is insolnhlc in water. The 

bromide separattf; from jflucial acetic acid in colourless, transparent 
crystals. M.pt. 220^ to 221^ C., iiisolnldc in water. Usin<f jwtassinm 
iodide, the a-iodomercun compound is obtained as a double salt with 
nierenric iodide. The mercuric iodide may l)c 

remosed by the action of potassium iodide in neutral .solution, the 
a-iodide beinif left as a nearly colourless preeijjitatc. It crystallises 
from ethyl acetate in minute, colourless crystals, M.pt. 18-1“ C., decom- 
posed hy iflaeia! acetic acid. 

a-Mercuri camphor oxide, (Cioiri 50 H<f) 20 , i.s obtained from 
the acelate by treatment with jmre potassium hydroxide. It is readily 
soliihic ill ah'ohol or carbon disulphide, evaporation of the latter solution 
leaviny a clear, transparent j^lassy .solid. 

In all the above compounds the mercury appears to be in the mercuric 
state, no mercurous salts having been obtained by decomposition with 
halogen acids. 'Die structural relationships of the mercury and iodine 
derivatives to camphor quinone is s'hown by the formulae : 






/CHgoI, 



CO 



{• TT / 



CT, 



H‘0 



^sHiiv 1 

XPi 



CO 

! 

CO 



Froduds from Camphorcarhanjlk' addd—To a methyl alcohol 
solution of b8 parts of the acid, a .solution of ICO parts of mercuric 
acetate is added, a prcelpitiite soon separating. After twelve hours 
the mixture is hltered. the residue washed with alcohol and water, 
and dried. The product is a snow-white powder. The carboxylic 
methyl ester has been treated in a similar manner. The reaction is 
represented as follows : — 



CH 



CH 




/CO OH 
'C ^ 

'HgOAc 

4CH3.CO.OH 

CO 



From Cam phene d'—X saturatcil aqueous solution of 2 mols. of 
mercuric acetate is shaken with a solution of 1 mol. of camphene in 
petroleum ether for thirty days. White, glistening, colourless plates 
are obtain«I, M.pt. ]S8'" to 180° C., having the composition CioHigO. 
(Hg.OAc) 2 . Hydrogen sulphide regenerates camphene. The corre- 
sponding chloride is a white, amorphous imw'der, insoluble in all neutral 
soh‘ciits. It sinters at 150° C, and does not melt at 250° C. Reduction 
by sodium amalgam in aqueous solution, or zinc and jxitassium hydroxide, 
yields camphene. 

l-Pinene when treated with mercuric acetate yields dioxypiuene.^ 

^ German Patent. 2759.12. 

* Balhianri and Paoliiii. Htr.. J901, 36 , 3.575. 

* Ealbiami and iWini, Aen, J902, 35, 2094 ; AttL J?, Accad. lincet, 1902, [v. j, 1 1, li. 65. 
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DERIVATIVES OF TERPIFEOL AND DimTIlYLHEPTEFOLA 



Yellow mercuric oxide is dissolred in 20 per cent, nitric acid, and 
potassium hydroxide added until the basic nitrate be<iins to appear. 
An ethereal solution of terpiiieol is then added and the mixture shaken 
until a clear solution is obtained. More potassium hydroxide is added 
and the precipitate a^rain dissolved by more terpineol, these proeesses 
beiiijff repeated until the addition of the alkali gi\‘es a black precipitate. 
The solution is then made stronglj’’ alkaline, and potassium iodide 
added, when iodomercuri eineol is at once precipitated. This is filtered 
off, and from the filtrate iji a fen* days a crop of a Aodomercuri trans-' 
terpineol crystallises out. If these crystals arc filtered off and carbon 
dioxide passed through the filtrate, ^8 "iodomercuri -trans -terpineol 
is precipitated. 

a-Iodomercuri eineol. 



yCU,- 
CMef-0 ~ 



^CH(Hgl) 



CH, \ 

CMca^CH 

CH,/ 



crystallises from alcohol in small, glistening prisms, which dissolve very 
readily in cold benzene or chloroform. It becomes yellow at 115° C. 
and melts with decomposition at 152° to 154° C. It docs not yield a 
benzoate, and reduction with sodium amalgam does not give a terpineol, 
but a mobile oil. This gives precipitates with hydrogen chloride, 
bromide, or ferrocyanide, and is therefore probably eineol. The corre- 
sponding chloride crystallises from alcohol in felted needles, lM.pt. 102° C., 
and unlike the iodide is readily soluble in alkali, 
a-Iodomercuri-trans-terpineol, 

CH^ CH2\ 

OH< ACH.CMeg.OH 

\CH(HgI) CU/ 



This separates from benzene in glistening, colourless prisms, which 
axe sensitive to light, become red at 120° C,, and melt at 144° C. with 
decom 2 ^osition. It Is readily soluble in hot benzene, ether, alcohol, or 
concentrated potassium hydroxide solution, but less so in ethyl acetate. 
It may be obtained from the jS-form by boiling the latter with organic 
.solvents. The a-form combines with alcoliol to form an alcoholatc, 
CioHigOsIHg.C^HcO, which crystallises from alcohol in glistening 
needles, turning red and melting at 123*5° C. It is reduced to trans- 
terpineol by sodium amalgam, or l)y electrolysis. 

jS-Iodomercuri-trans "terpineol, M.pt. 38° C., sej>aratcs from 
organic solvents as an oil. It is very soluble in ether, ethyl acetate, 
alcohol, cold acetic acid, potassium hydroxide or iodide solution, with 
difficulty in cold benzene. It is reduced to trail s-terjDineol by sodium 
amalgam, and converted to the a-form by boiling with organic solvents. 
Since the a-form is readily con^‘erted into terpineol by mineral acids, 
it is probably tJie cis compound, w'hilst the j8-form, which is only .slowdy 
decomposed, is the trans form. 

a- and jS - Mercuridimethylheptanediol iodides. — Dimethyl- 

* Sand and Singer, jSer,, T9<^, 35, 8170 ; Anmkn, 1903, 329, 166. 
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heptenol, Olca-^CH.CHj-CHo.CMea.OH, readily dissolves in aqueous 
mercuric acetate solution, and addition of alkaline potassium iodide 
solution precipitates itvo pain* of isomeric iodides. One pair of iodides 
are soluble in alkali hvdroxides, and have the constitution : HO-CMeg. 
ClI(nKl).CH.>.Cll2.CMe2.0IL The a-form is a solid. M,pt. 124=^ to 
12A* C-. and differs from the^/or?« in its solubility and stability towards 
acids. 

The second pair of iodides have the cyclic structure, 

/CMca Ox 

Hcri.cir— <; >cmc2 

Xtllo—CHa/ 

and are j)rej)arcd as alan e. but with the addition of 10 per cent. ])otas- 
siuin hydroxide before addin<f the potassium iodide. The a-form is 
a solid. M.pt. 108* to 110'^ C.. wliilst the ^-form separates as an oil, 
and may be separated from the a-forni by treating the mixture with 
cold alcohol, The oil is insoluble in concentrated potassium hydroxide 
solution, soluble in alcohol or ether, and slowly changes to the a-form 
in the presence of alkali. 

When tlie alkaline filtrate from tliese cyclic iodides is treated 
with carbon dioxide, the unstable ^-mercuridimethylheptanediol iodide is 
precipitated as an oil. I'lic latter when boiled or kept in the presence 
of alkali for some weeks changes to the stable a-niodification, M.pt. 
124'-' to 125° C, 

Allylacef oxime d — When allowed to react with mercuric acetate 
this compound yields an hydro-i.so-oxazolc derivative, 

XHa— CH2\ 

HgI.CH 2 .CH— < >CMe 

\0 

M.pt, 122° C., which may be crystallised from alcohol. 

Methylheptenone oxime. -The products derived from this bod}" 
<iepend on the conditions under which the reaction takes place. If 
the oxime be treated with mercuric acetate in presence of potassium 
bicarbonate and potassium iodide be added, a solid is obtained. This 
product when dissolved in methyl alcohol gives a precipitate with 
ether, which decomposes at 150° C, and probably has the constitution, 
(CgHi^OXIHglgHglg. The alcohol-ether mother-liquors contain a 
more soluble isomeride, M.pt. 114° C. The above preparation wheh 
carried out in acid solution gives a mixture of compounds which are 
separated by treatment with cold alcohol. The a-form is a white, 
crystalline substance, M.pt. 94° C., yielding a picrate, sintering at 
65° C., and melting at 78° to 80° C. The ^form is an insoluble, 
yellow, crystalline body, M.pt. 123° C., and probably has the constitution, 

/CMcg— 0 NI.Hgl 

HgI.CH< }1 

^CHa— CHa— C.Me 

If potassium bromide be used for precipitation instead of the iodide, 
a bromide, CgHi^ONBrallga, M.pt. 128° C,, is obtained ; both the iodides 

* Sand and Singer, Anmlen, 1908, 329 , 166. 
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3 ,nci broTi^ids lis.'vc hs:lf tiicir mercury precipi’ta.'tfid 315 wlicii trested 

with hydrazine in the presence of alkali. 

Ethylhexenol, CHa^CH^CHala-C.MeEtOH.^— This compound is 
dissolved in mercuric acetate solution and potassium iodide solution 
added, when an oil is precipitated; carbon dioxide is then passed in. 
Extraction with ether and evaporation of the .solvent yields a crystalline 
compound, M.pt. 44° C., to which the following structure has been 
assigned : — 



CH 2 CMeEt 

CH2.CH{CH2.HgI> 



O 



This appears to be a tetrahydrofurfurane derivative, since it gives 
an oily iodide with iodine, an aldehyde when oxidised by chromic acid, 
and is found to be saturated when treated with potassium permanganate. 
The iodide is reconverted to ethylbexenol when acted upon by hydro- 
chloric acid. 



DERIVATIVES OF AZO COMPOUNDS. 

Mercuration of these compounds leads to dimercurated products if 
the ortho and para positions with respect to the amino or hydroxyl 
groups arc available, No meta compounds are obtained. 

Hydroxymercuri- acetoxymercuri- benzeneazo- phenol anhy- 
dride 




Mercuric acetate (32 grams) in 150 c.c. of water and 20 c.c. of acetic acid 
is added to 10 grams of benzeneazo-phenol in 300 c.c, of alcohol. The 
red mixture is heated on the water-bath for six hours. An orange 
precipitate is formed, filtered, washed with dilute hot acetic acid, water, 
and alcohol, and dried at 110 ° C. Acetic acid is lost during this process, 
and to obtain a uniform product the substance must be dried at 120 ° C. 
It is purified by dissolving in 150 c.c. of glacial acetic acid and adding the 
solution to 400 c.c . of alcohol . The resulting product is washed with acetic 
acid — alcohol mixture and ether and dried at 120 ° C. It is the loss of acetic 
acid which accounts for the formation of an anhydride. A yellow-brown 
powder is finally isolated, which does not melt at 300° C. It is readily 
soluble in glacial acetic acid, insoluble in hot water, and sparingly soluble 
in alcohol, chloroform, ethyl acetate, benzene or nitrobenzene. When 
dissolved in 5 per cent, potassium hydroxide, and the hot filtered solu- 
tion treated with saturated sodium chloride solution, the dichlommercuri 
compound is precipitated. The orange-red precipitate is washed with 
water and digested with hydrochloric acid, the colour changing to brick 
red. It is filtered, washed with hot water and alcohol, and dried at 
no° C, It forms a dull red, amorphous powder, which does not melt 
at 300° C. and is insoluble in the usual ^Ivents. The corresponding 
dibromide is a brownish-red powder, having similar properties to the 
dichloride. 



^ Sand and Singer, he. cit. 

^ Smith and Mitchell, Trans. Ghent. Soc., 1908, 93 , 847, 
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Diacetoxymercuri-2 : 4 : 6-tribromobenzeneazo-phenol, C'cll, 
Br 3 .\„.Cfin 2 (H<j:-OAc‘j.>.OJI. — Six jframs of morciiric acetate (2 mols,) 
arc dissolveci in 20 c.c. of water eontainin^f 1 c.e. of acetic acid 
and a solution of f jii'ams {1 moi.j of tlic hydroxya/.o compoiuid in 
200 c.c. of alcohol added, .ifter .six hours' heatinjr on the water-bath 
the precipitate i.s filti-red. washed with dilute acid, them water, and dried. 
It is purihed by recrystallisation from ydaeial acetic acid. It is a pale 
red. micro-erystiiilinc powder, not mcltinji l)clow 300''' C., and sparm<^ly 
soluble in the usual solvents, with tlie exception of acetic acid. It loses 
acetic acid at 120* C- 

Acetoxymercuri - benzeneazo - o - nitrophenol, Cgllj.Xo.CgHs 
(XO.j)!lI|/.C>.Vc).OH, yields u pale yellow, crystalline powder, not melt- 
in<T Ijclow 30O' C. and insoluldc in all solvents except acetic acid. The 
bromide is a j)alc yellow powder. 

Acetoxymercuri - benzeneazo - p - cresol,* CflIl 5 .X 4 .C 7 Hg(OH). 
IIjX.OAe.— Mercuric acetate in very dilute acetic acid is boiled under 
reliux with alcoholic beuzeneazo-p-cresol for seven hours. It is purified 
by fractional precipitation from its acetic acid solution by water, and 
recrystallisation from fclacial acetic acid. It crystallises in red- brown 
needles, M.pt. 209 to 2To' C. witli decomposition, and has similar 
solubilities to tlie abou- compounds. Its chloride melts with dcconi- 
po.sition at 210 to 218" C. Dimroth prepared these compounds from 
acetoxymereuri-p-cre.sol and benzene diazoninm chloride.^ 

- Acetoxymercuri - 2 - nitro - 4 - benzeneazo - a - naphthol.^ 
— A mixture of 1 yram of tlie azo-a-naphthol in 250 c.c. of boilinj? water 
contaiuinp: 5 c.c. of glacial acetic acid and 2-5 grams of mercuric acetate 
ill 5 c.c. of warm water is heated for six hours on the water- bath. The 
mixture is filtered hot. washed with alcohol, boiling water, and hot 
dilute acetic acid. It is a lustrous, redclisli-browu, erj’stalliiic mass, 
biackcniiig at 220* C., but not fusing at 270" C., practically insoluble in 
all solvents. 

8{?) - Acetoxymercuri - j8 - benzeneazo - a - naphthol, C,IIg. 
X 5 ,.C'ioHs(OIl).Hg.OAc, is a brick -red powder, darkening at 180° C. 
and ludtiiig with decmiiposition at 208° C. 

8(?l - Acetoxymercuri - 4 - nitro - 2 - benzeneazo - a - naph- 
thol is a red substance having the appearance of amorphous phos- 
phorus, melts with decomposition at 221° to 222° C., and is practically 
insoluble in all solvents. 

Acetoxymercuri - bis - benzeneazo - a - naphthol, (CeH 5 .X,)o. 
C‘igIl 4 (OII).HgnOAe, forms lustrous black needles with a bronze lustre. 

The following derivatives of azo dyes have been isolated : — ^ 
Dihydroxymercuri-dihydroxyazobenzene sulphonic acid. — By 
the action of mercuric acetate on the mono-potassium salt of dirysoinc in 
hot water or alcoholic solution containing a little acetic acid, 

Dihydroxymercuri - ^ - naphthol- azobenzene sulphonic acid, 
by a similar method to the above, using “• Orange II.” 

Mercuri-bis (hydroxymercuri - j8 - naphthol-azobenzene sul- 
phonic acid), by heating Orange II” in methyl alcohol containing 

* Smith and Mitehell, Tran^. Ckem. Soc., 1908, 93 , 847 ; Dimroth, Ber., 1902, 35 , 2853. 

* himnitlfs meiiKiir iilijn tlpacribes further reactions of bc-nzene diazonium chloride 
witli iiKTcurated phenols and p.eresols. 

® Mitchell and 8 inith, Trans. Ckem. Soc., 1909, 95 , 1430. 

* JAuskouriakoff and Raiziss, J. Armr. Ckem. Soc., 1925, 47 , 1974. 
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acotio aoicl wth 2 eqiu\'nlents of niorc-imc ac-ctatc-. It is a red. arnorplsous 
powder, 

Dihydroxymercuri-hydroxyazobenzene suiphonic acid, i>r<nvu- 
ish-red powder. 

Mercuri-bis {nitrobenzene-azosalicylic acid) is a Ijrown 
powder. 



Compounds formed Iw diazotising ])*acetoxymcreurianiluie, and 
coupling it with various compounds : — ^ 

4*'Acetoxymercuri-4'-dimethylaminoazobenzene yields brick- 
red crystals ha^'iug a violet reflex, M.pt. ’ilo"" C.. With sulphuric acid it 
forms reddish-brown .solutions having a green fluorcsccuee. and mth 
nitrie and hydrochloric acids sparingly soluble salts are formed. 

4-Acetoxymercuri~4'-diethylaminoazobenzene consists of glit- 
tering orange-brown plates, becoming red at 120^ ('. and melting at 
151-45'^ to 1.50° C. (corr, )• 

p-Acetoxymercuribenzeneazo -phenol, orange ervstals, l\Lpt. 218’ 
to 219° C. (corr.). 

p-Acetoxymercuribenzeneazo -resorcinol. — Dark brown powder, 
sintering at 160° C. and melting with decompo.sition at lOO' to 195’ C. 

4 - p - Acetoxymercuribenzeneazo - 1 - naphthylamine ~5 ~ sul~ 
phonic acid, brownish-black, micro-crystalline powder, decomposing 
at 280° C. 

5 - Acetoxymercuritoluene ~ 2 ~ azophenol is obtained from 5- 
acctoxymercuri-o-toluidine, M.pt. 204-5° to 205° C. (corr.). 



DUBI VAT I YES OF H YDROX YA ZOBEXZEXESA 

Sodium - 3 - chloromercuri - 4 - hydroxy - azobenzene -4'^- 
sulphonate is formed by dia 7 . 0 ti.sing sulphaiiilie acid and adding the 
dia/.otised solution to a cold solution of o-chloromereuriphenol in sodium 
hydroxide. The coupling requires about four hours for completion. 
The mixture is then acidified with acetic acid, wdien the sodium salt of 
the azo compound separates as a heavy, orange-yellow precipitate. The 
product is recrystallised from hot water, air-dried, and then dried in a 
vacuum dryer at 50° C. Since the C— Hg linkage is easily split it is 
impossible to obtain the free acid, liie reaction is represented as 
follows : — 

HO-<( ^ H- Ciyra< ( ) >-SOsH + 2NaOH 

£ci 

= N- 



In a similar manner o-chloromercuriphenol has been coupled with 
the following diazotised aromatic acids r — 




-S0,Na + NaCl -f H,0 



^ Jacobs and Heidelbeiger, J. Bid. Chem,, 1915, 20, 513. 

® Whitmore, Hanson, and Lenek, J. Armr. Ohan. 80 c., 1926, 48, 1013, 
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Amino Afid. 



?mrhK-t. 



f'olniir. 



I Metaiiilit' 

j Xaplitliionic , 

' Anthmnilk- 
} iii'Annnobt-iizoic 
j p-Aminobenzoic 

L 




Sfidhim salt 
Five acid 



'Yellow, 
Ora age. 
‘Red. 



Sodium anhydro ~ 2 ~ hydroxy - 3 - hydroxymercuri - 5 • 
methyl - azobenzene - 4' - sulphonate. — In this case 2 : G*diacetoxy- 
mercuri*p-cresoL in sodium hydroxide solution, is added to the diazo- 
tised sulphanilie acid. The mixture is stirred for ten hours and cooled 
in ice during this period. Acidification with acetic acid precipitates 
the .slightly soluble, yellow sodimii salt. It is imrificd by crystallisa- 
tion from water. Strong acids remo\‘c the mercury completely, so that 
the free acid cannot he obtained, and attempts* to prepare the chloride 
have been imsuc(*essfal. The reaction is represented as follows : — 



CH, 



<;' >-.SO,H -f 4.XaOH 

Hg OH 
OAf 



CH* 

I I 

Hk-O 



4- NaCl 4- HgO + 2NaOAc -f- 3HjO 



Anhydro ~ 2 - hydroxy ~ 3 ~ hydroxymercuri - 5 - methyl - 
azobenzene ~ 2' ~ carboxylic acid is prepared using anthranilic 
instead of snlphanilie acid. The free acid is deep red, but no method is 
available lor its purification, owing to its insolubility in all except basic 
soh-eiits. The puresf: product is obtained when exact quantities of 
carefully puriliwl anthranilic add and mercurated crcsol are used. 

Ill a similar maimer, anhydrO“2-hydroxy-3-hydroxymercuri-5- 
methyl-azobenzene -4' -carboxylic acid is prepared, and its pro- 
perties are verj'^ like those of its isomer. 



DEMIVATIVES OF METHYLEA'E BLUE A 

The work done on this compound, which presents numerous diffi- 
culties, is admitted by Chaikley to be very incomplete. To obtain 
complete mercuration, a large excess of mercuric acetate has to be 
used. With three molecular equivalents of the latter, benzxiyl-leuco- 
methylene blue yields an acetoxymercuri emnpound in the form of a 
white pow*der, which gives a yellow sulphide with hydrogen sulphide. 
Methylene blue acetate heated with 15 mols, of mercuric acetate in 
aqueous solution in the presence of acetic acid gives two organic mercury 

^ Chaikley, J. Amer, CTiem. Boc„ 1&25, 47, 2055; see Kharasoh and Piccard, ibid,* 
Chem. Sw., 1920, 42, 18,53. 
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compounds, I., II., the former readily going into colloidal suspension, 
and consequently is difficult to handle.^ 





DERIVATIVES OF PHTHALEIXS.^ 

Hydroxymercuri phenolphthalein. — To a solution of 3 grams 
of phenolphthalein in 25 c,c. Normal sodium hydroxide, about 125 c.e. of 
water are added and the solution boiled with 3 grams of yellow mercuric 
oxide for three hours. The mixture is then allowed to settle, the liquor 
poured off and centrifuged to remove traces of sediment. Carbon 
dioxide is passed in, and the mercurated product separates as a purj>lisli, 
milky precipitate, which is separated % centrifuging. It is washed 
with alcohol and dried at 110® C. It is insoluble in all the usual solvents, 
except glacial acetic acid, in which it gives turbid solutions. It caimot 
be crystallised, and gives the same colour with alkali as phenolphthalein. 

Triacetoxymercuri phenolphthalein. — ^Three grams of phenol- 
phthalein in 50 c.c. of alcohol are mixed with a filtered solution from 
25 grams of mercuric acetate in 50 c.c. of water and 50 c.c. of glacial 
acetic acid. After standing overnight, any mercurous acetate is 
removed, and the liquid heated on the water-bath for three hours. 
After twenty-four hours the residue is ^emo^'ed and washed with 
alcohol, then with water containing a little acetic acid, and finally 
\vith water. The crystals are dried in the air for several days, then 
heated for one hour at 100° C. It forms bladed crystals, insoluble in 
the usual solvents, dissolving in sodium hydroxide with the production 
of a deep-blue colour, 

Trihydroxymercuri phenolsulphone-phthalein is prepared 
in a similar manner to hydroxymercuri phenolphthalein. It is a 
purplish powder having a bronze lustre. When mercuric acetate reacts 
with phenolsulphone phthalein in acetic acid solution, a mixture of 
hydroxymercuri and acetoxymercuri derivatives is produced. 

Diacetoxymercuri-o-cresolphthalein is prepared in the usual 
manner, more mercurous acetate being formed than with the previous 
derivatives. It is a yellow, granular substance, which cannot be re- 
crystallised. 

Hydroxymercuri and dihydroxymercuri jSuorescein . — ^Fluores- 
cein, 3-5 grams, in 200 c.c. of one-tenth Normal sodium hydroaade is 
treated with 5 grams of mercuric oxide, and the mixture boiloifor four 
hours, water being added to replace that lost by evaporation. It is 
then clarified by centrifuging, and evaporated to dryne^, an iridescent, 
green, scaly product being obtained. This is the monomercurated 
product. The dthydroa^ymercuri compound is formed when 10 grams 

1 Compounds of the aeridine series are dealt with in American Patent, 1259517, and 
those of the safranim series In Gferman Patent, 286097, 

* White, J. Awer. Ckem. 8oc., 1920, 42 , 2256 ; Oerman Patent, 20S335, 
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of mer(.‘uric oxide arc used in the aJjo^'e preparation. Treatment %vith 
hydrochloric acid yi<-lds Morunu^renri de^i^'ati^‘es■. 

The iiicreuration of Ihiorescciii In* nicrenric acetate in acetic acid 
solution leads to tlie }iroduction of a mixture of tdrahyclroj yniercuri 
and U'inhacettuymvmiri jliunrscein, the latter predominatiu<|. Xo 
attemj>t ,seem.s to luu*e been made to separate these products. 

Hydroxymercuri-dibromofiuorescein. — Dibromofluoresccin (-t9 
grams) and <S grams of .sodium hydroxide arc dissoh’cd in 50 c.c. of 
water and the sohitioii made up to 200 c.c. This is stirred and treated 
uith 12-5 c.c. of gladal uectic acid until an e^■■en pasty j)rccipitatc 
is formed. \ solution ])rcpnrcd from 22-5 grams of mercuric oxide 
in 2.J c.c. (jf glacial acetic .‘icid anti 50 c.c. of water is diluted to 100 
C.C., and added b) the former solution, the whole })ciug diluted to 
.500 e.e. TIh! mixture is boiled 4-5 to 0 hours, a tpiantitati\‘e yield 
being obtained. The precipitate is collected and washed by centri- 
I'ugiug, a red powder la-iiig isolated, whic-h is insohd)le in the usual 
soh’cnts, but gi\’cs a deep cberr}‘-rcd solution in sodium h}‘droxide.^ 

Hydroxymercuri-salicylsulphone-phthalein.-^-Salicylsulplioiie- 
phfhaleiii (salieyl red) is* dissolved in sullieieut Normal sodium hydroxide 
to form the di-sodium salt, then treated with a solution oJ‘ mercuric 
acetate eoutahiiug a few drops of acetic ac-id. and the mixture boiled 
niitil a test gives no reaction with ammonium sulphide. It is then 
filtered and j^oured into dilute hydrochloric neid. The mereurated 
product separates as a brown jjowder. 



CrCWMKRCr^RirorA'METnYLEXES? 



Cyclomercuri pentamethylene, 

/CII,.(TU AClhh\ 

IIg< >Cir, or IIg< >IIg 

A mixture of 30 grains of 1 : 5-dihromopentane, 100 grams of benzene., 
3 grams of ethyl acetate, and 900 grams of 1 per cent, .sodium amalgam 
is shaken for twenty -four hours* iir a pressure flask at 75° C. The solvent 
la\*er is washed, e\'aporated, and the residue extracted with absolute 
alcohol, from which 23 grams of waxy product are obtained, This 
is extracted with light petroleum and ether, 6-5 grams of solid, M.pt. 
41° C., remaining behind. Evaporation of the extaract gives 2-5 grams 
of CT\*stals, M.pt. 120° C., which are separated from an oil. 

Cyclomercuri pentamcthylene, M.pt. 120° C., forms hard, w'hite, 
rhombic, doubly refracting crystals from a mixture of bemzene-Iight 
petroleum. It is readily soluble in cold ether, light petroleum, or 
benzene, with difficulty in water. Its molecular w*eight as determined 
by the ebullioscopic method is about 360 (270 calc.), and this appears 
to ('orresixHid to a simple ring. Braun, however, points out that a 
eompari.sou of the boiling-points of the pentamethylene series of com- 



1 German Patent, 201903, deals with a process for preparing mereurated salts of 
lluon* 6 coin. see Dimrotli, Ber., 1902. 35 , 2853. The products obtained may be used directly 
for dyeing. The dyestuffs <lye cotton in the following manner : Chromium mordant — 
brown red; iron mordant— reddish brown; uranium mordant— red ; nickel and cobalt 
mordant— red ; alkaline earth inortiaiit — red ; cerium mordant — light red. 

^ Harden, /. Atner. Chem. 80c., 1927, 49 , 3141. 

* V, Braun, Ber., 1913. 46 , 1792; 1914, 47 , 490; Hilpert and Gruttner, Ber., 1914, 47 , 
180, 177. 
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ponnds, (CrL} 5 >R, with those of the scries Et— R— Et, where R may 
I:)C 0-, CIIjj, NHoS, or ITy, indicates that cyclomercuri-peutainethyleiie 
should have a boiliiicf* point of about 210~ C , ; that it should distil 
without decomposition under diminished pressure, and ])robably with- 
out decomposition under ordinary pressure. He therefore considers tlie 
product, M.pt. 120° C., to be a polymeride of the true compound. The 
following is the list of compounds upon which the argument is based : — 

Et-O-Et, B.pt. 35° C. (CH2)5>0, B.pt. 88° C. 

Et-CHa-Et, B.pt. 36° C. (CH2)5>CH2, B.pt. 80° C. 

Et-NH-Et, B.pt. 55° C. (CH2 )s>NH, B.pt. 105° C. 

Et-S-Et, B.pt. 92° C. (CH2)5>S, B.pt. m°C. 

Et-IIg-Et, B.pt. 159° C. (CH,)s>Hg, B.pt, 210° C. (about). 



The compound, M.pt. 41° C., probably a polymer, may be reerys- 
tallised from much ether, and obtained as a \vhite powder. Its mole* 
cular weight is four times that of the compound, M.jd. 120' €., and 
the oil obtained has six times the molecular weight of the latter. 

All these compounds give the same products when treated with 
bromine, iodine, or mercuric halides. With iodine in benzene solution 
theoretical yields of pentamethylene-dimercuri -iodide and cli-iodo- 
pentane are obtained. 

Pentamethylene-1 : 5-dimercuri-dibromide, C'sHioHggBr^. — 
The Grignard .solution from 20 grams of 1 : 5-dibromopentane, 4-1 grams 
of magnesium, and a trace of iodine, after standing for twelve hours is 
warmed on the water-bath, and treated with 66 grams of mercuric 
bromide in ether, in 5~gram portions. The. mixture is then boiled 
for an hour and decomposed by 1 per cent, hydrochloric acid. The 
ether is removed at 60° C., and the product again treated with 1 per 
cent, hydrochloric acid at 60° C. It is filtered hot, washed with cold 
water, then with alcohol. The residue is added in small portions to 
500 grams of boiling water, digested for fifteen minutes, filtered boiling 
hot, washed with cold water, alcohol, and ether, and dried at 100° C. 
Yield of crude product, 49 grams or 8-94 per cent. It crystallises from 
toluene in doubly refracting needles, M.pt. 150° C., very soluble in 
P3’’ridine, aniline, or dimetbylaniline in the cold, and may be precipitated 
by the addition of light petroleum. It is less soluble in hot alcohol, 
acetone, boiling toluene or xylene, and with difficulty in hot water, 
hot carbon tetrachloride, ether, or petroleum ether. When boiled for 
one hour with alcoholic potassium iodide it yields the di4odide, sintering 
at 115° C. and melting at 117° C. It crystalhscs best from alcohol- 
benzene, and is less soluble than the dibromide. Prolonged boiling in 
benzene solution gives mercuric iodide and di-iodopentane, ^ Hydrogen 
sulphide precipitates a quantitative yield of the sulphide from a 
pyridine solution of the dibromide. It is a snow-white, insoluble, 
odourless powder, ha\dng the constitution (I. ). By passing acetylene 
into a solution of the pure dinitxate in alcoholic ammonia, for one hour 
at 0° C., an acetylide (II.) is formed. It is a white powder, which tajees 
fire on heating, is insoluble in the usual organic solvents, and heated 
in benzene yields mercuric iodide and di-iodopentane. 



>CH2 

>Hg.S.Hg^ 

I, 



Hg.C I C.Hj 
II 
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The dihydroxkle crystallises* in hair-fine, \\'hite needles, and is isolated 
by boiling the bromide with silver oxide in SO })cr cent, alcohol for 
twenty hours. Treatment of the hydroxide in 50 per cent, alcohol 
with sul])huric acid precipitates the sulphate as microscopic white 
needles, suddenly blackening above 150“ C- The dibroinide with silver 
nitrate gives the dinitrate, IVoin whieh the dichloride is prepared. It 
crystallises in white needles, M.pt. 184'' C. The following compounds 
are also mentioned : axahde, succinate, ferrocyamde^ white precipitates, 
and the azelate, white scales. 

Pentam ethylene -1:5- dimercuridiphenyl, CGH 5 ,Hg.(CH 2 ) 5 . 

Hg-.CglJg. — This remarkable compound is jmepared by treating magnes- 
hira phenyl bromide (4 times the ealcailatcd amount) with dry, powdered 
peiitamet'hylene-1 T5-dimercuric dibromide in small portions. The 
reaction is completed by boiling for one hour on the water-bath. The 
mixture is dccomj)o.sed by dilute sulplnirie acid, and worked up in the 
usual manner. 

It is a colourless, viscous oil, decomposing when heated in vacuo at 
180'’ C. It (|uiekly decolorises a solution of iodine in benzene, with 
formation of the abo\ e di-iodide, and prolonged boiling with an excess 
of the iodine solution gives mercuric iodide, 1 : 5-di-iodopentane and 
iodobeiizenc. 

It will be seen from the above reactions that the mercury atoms in 
these compounds are very firmly attached, whilst the halogen atoms are 
very reactive. 

DEMIVATIVES OF THE PYBAZOLONE GRODPA 

'When the plieuyI-5-pyrazolones are treated with mercuric acetate in 
alcoholic solution, four acetoxymercuri groups are introduced into the 
molecule, together with a methoxy group- If, however, the hydrogen 
in the 4-position be substituted by halogen or methyl groups, mereura- 
tion only takes place at 160° C- 

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri- 
phenyl -2:3- dimethyl - 5 - pyrazolone, 

yCO— C(OMe).Hg.OAc 
CeH3(Hg.0.ic).>,X< I 

^Xl\re.CMe.Hg.0.4c 

One gram of phenyidimethylpyrazolone (Imol.) is dissolved in 5 c.c. 
of methyl alcohol and 7*28 grams of mercsiric acetate {4 mols.) in 
45 c.c. of methyl alcohol pour^ in. The temperature is maintained at 
60° C. and rhombic plates begin to separate in fifteen minutes, and after 
aiteut two hours the product is filtered off. It is washed several times 
wdth warm methyl alcohol, faintly acidified with acetic acid, then dried in 
t^aeuo oyer sulphuric acid. Yield 6*5 grams, 97-4 per cent. The sub- 
stance sinters between 200° and 205° C., then decomposes with gas evolu- 
tion, It is insoluble in most organic solvents, somewhat soluble in hot 
methyl or ethyl alaihol, especially if these contain a trace of acetic acid, 
and easily soluble in water faintly acidified with acetic acid. It is also 
soluble in ammonium hydroxide and amine bases such as ethylene- 
diamine. Ammonium sulphide removes the mercury in the 4-position. 

1 Schrautii and Bauerschmidt, Her., 1914, 47 , 2736 ,• see also, Paderi, Chem. Zentr. 
1919, iii. 226; Oliveri-MandalJi, Gazzetta, 1921, 51 , i. 125. 
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This is probably due to the adjacout carbonyl group, since it is also 
removed by dilute hydrochloric acid when 3-chloromercuri-4-meth- 
oxy - 1 - dichloromercuriphenyl - 2 ; 3 - dimethyl - 5 ~ pyi'azo- 
lone is produced. 

/CO— CH.OMe 
CeH3(HgCl),,N< I 

^XMe.CMe.HgCl 

The latter is prepared by suspending 2 grams of powdered tetra-acetoxy- 
mercuri compound in about 40 c.c. of a quarter Normal hydrochloric 
acid, and shaking on a machine for twelve hours. It is hltercd and 
washed free from chloride and dried ui vacuo over phosphorus pentoxide 
at 100° C. The substance is a micro- crystalline powder, slightly .soluble 
in acetone, but insoluble in all other solvents. It does not melt, and i-s 
not immediately blackened by ammonium sulphide. 

3:4- Diacetoxymercuri - 4 - ethoxy - 1 - diacetoxymercuri- 
phenyl -2 : 3 -dimethyl -5 -pyrazolone is prepared in a similar 
manner to the 4-methoxy compound, but the methyl alcohol in the 
latter preparation is now replaced by ethyl alcohol. Yield 96-6 per 
cent. It fonns small, colourless needles which crystallise with 1 moL 
of water, which may be removed by heating in tacuo over phosphorus 
pentoxide at 110° C. It has similar solubilities to the methoxy com- 
pound, and hydrochloric acid removes the mercury in the 4-position. 

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri- 
phenyl - 3 - methyl - 2 - ethyl - 5 - pyrazolone, 

CO— C(OMe).Hg.OAc 
CeH3(Hg,OAc)2.N< [ 

\NEt.CMe.Hg.OAc 

One gram of phenylethylmethylpyrazolone in a little methyl alcohol is 
treated with a solution of 7 grams of 90 per cent, mercuric acetate 
(4 mols. ) in 50 c.c. of methyl alcohol. The mixture is maintained at 
G0° C. and crystals separate in twenty-five minutes, are filtered after two 
hours, washed with acidified methyl alcohol, and dried. Yield 6-1 grams, 
90 per cent. The substance has similar solubilities to the above 4- 
methoxy compound and decomposes above 200° C. It crystallises in 
prismatic needles, from which the mercury in the 4-position is removed 
by hydrochloric acid in the usual way, 3-Chloromercuri-4-methoxy- 
l-dichloromercuriphenyl-3-methyl-2 -ethyl-5 -pyrazolone being 
obtained, which has the structure i 

/CO— CH.OMe 
C6H,(HgCl)3.N<( 1 

\NEt.CMe.HgCl 

In a similar manner l-p-tolyl-2 ? 3-dimethy 1-5 -pyrazolone and l-o- 
tolyl-3-methyl-2 -ethyl- 5-pyrazolone in methyl alcohol solution are 
converted into 3 : 4-diacetoxymercuri -4-methoxy- 1 -[diacetoxy- 
mercuri -p-tolyl] 2 .‘ 3 -dimethyl -5 -pyrazolone and the correspond- 
ing 3 ; 4-diacetoxymercuri -4-methoxy-l -[diacetoxymercuri -o- 
tolyl] -3-methyl -2-ethylpyrazolone, botli of which lose mercury 
from the 4-position by the action of hydrochloric acid, jdelding iHchlora- 
mermri derivatives. 
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3:4- Diacetoxymercurl - 4 - methoxy - 1 - acetoxymercuri- 
phenyl - 3 - methyl - 5 - pyrazolone, 

X'O— C(OMe).H^^OAc 

C,H,(H);.OAn).X<' | 

XXH— CMc.Hk.OAc 

A GO |ier cent, yield is obtained In' carrying out the mercuration in the 
usual manner, but no heating is necessary, the reaction licing complete 
in several hciurs at room temperature. From the mother-liquor a 
liirtlier quantity may he obtained, raising the yield to 90 {i^er cent. Idic 
<'rystiih meU at 167* C. with decomposition, and contain 1 mol. of 
Water of crystullisalion, which may be removed by heating in vaono 
(A'cr phosphorus pentoxide at 138" C. The mercury in the i-position 
is renio\'ed by ammonium sulphide or hydroehlorie acid, a dicJiIoro- 
monmri compound being obtained which is somewhat soluble in acetone. 

If, however, l-phcnyl-3-mcthyl-i5-pyra/.oIonc be mercurated in 
boiling methyl alcohol solution for three hours, 3 -diacetoxymercuri - 
4-methoxy-l -diacetoxymercuriphenyl -3-methyl -5-pyrazolone is 
formed : 

/CO— C(OMe).Hg.OAe 
€8lF(Hg,OAc)2.X< I 

\\H— CMe.Hg.OAc 

It is a crystalline product, decomposing at 225° C., sparingly soluble or 
insoluble in the usual solvents. 

4-Bromo-4-hydroxy-3-acetoxymercuri-l-triacetoxymercuri- 
phenyl-2 : 3-dimethyl-5-pyrazolone, 

/CO CBr.OH 

C,H,(Hg.OAc),.N<( i 

\NMe— CMe,Hg.OAc 

Two grams of 4-bromo-l-phenyl-2 ; 3-dimethyl-5-pyrazolon.e (1 mol.) 
ami 10-5 grams of mercuric acetate (4 niols., 90 percent.) are heated 
for thirty minutes in an oil-bath at 100° C. The melt is cooled, cx- 
traelcd with alcohol, the solution boiled with charcoal, liltered, and 
treated With ether. The white precipitate is filtered, washed with ether, 
and dried. It is a hygroscopic substance, readily soluble in cold water, 
less soluble in nietliyl or ethyl alcohol faintly acidified with acetic acid. 
It decomposes with gas evolution at 225° C,, and is imaffected by 
anmionhim sulphide unless boiled. From its aqueous solution sodium 
chloride precipitates an insoluble chloride, and sodium hydroxide the 
earresjx>nding hydroxide. 

4 - Hydroxy - 3 - acetoxymercuri - 1 - triacetoxymercuri - 
phenyl -2:3:4- trimethyl - 5 - pyrazolone, 

/CO— CMe.OH 
C,H,(Hg.OAc)„X<; 1 

\NMe.CMe.Hg.OAc 

This is formed from 1 -phenyl-2 : 3 : 4-trimethyl-5-pyrazolone in the same 
manner as the preceding compound. It melts at 237° C. (coir.) with 
strong decomposition, and has similar properties to the bromo deri- 
vative. When treated with hydrochloric acid it yields 4 -hydroxy- 



MERCURY. 



218 



3-'Chloromercuri*'l-trichloromercunphenyl-2 : 3 : 4-'trimethyl-'5- 
pyrazolone, which decomposes at about 213 ' C. 

4 - Acetoxymercuri-'S-diacetoxymercuriphenyl-'S-pyrazolone, 

.C(OII).C.Hg.OAc 

NH' \ 



C.CeH3(Hg.OAc)2 




The reaction between 3-incthyl*3-pyrazolonc (1 moL) and mercuric 
acetate {S niols.) takes place wiien the two are boiled lor three hours 
ill methyl alcohol solution. The effect of tlie possiliility of cnolisa- 
tion is marked by the absence of any methoxy group in the product. lii 
methyl or ethyl alcohol strongly acidified with acetic acid it is only 
soluble with diltieulty, and from these soh'ents it crystallises in colour- 
le.s.s needles, which dceonipose about 250° C. Treated with, liydro* 
chloiic acid, it is converted intcj a dkldoromercuri compound, decompos- 
ing near 2 10° C. With ammonium snlpliide, these two eonipouucls do not 
Iduckcn immediately. 

5-Ghloro-4-acetoxymercuri-l-phenyl-3-methylpyrazoloiie, 




This componnd is prepared as the preceding one, from 3-cliioru-l- 
phenyl-.3-metliylpyrazolc. It melts at 123° C., is readily soluble in 
water^ alcohol, and all the usual solvents. It is unaffected liy cold 
ammonhnn sulphide, but with hydrochloric acid jiclds a dichlow- 
mercuri compound, necdle.s, IVI.pt. 165° C, 
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Pyridine and mercuric acetate when heated at 175° to LSO® C. for 2-5 
hours, and the reaction mixture diluted with 5 to 6 volumes of watcr^ 
followed by the addition of sodium chloride give 3 : 5-dichloromercuri 
pyridine (I. ) as a pale brown, amorphous, odourless powder, dccomjDOs- 
ing at 220° C. Bromine in sodium bromide solution converts it into 3 ; 5- 
dibromopyridine. The mo tlier- liquors from the dichloromercuri com* 
pound yield 3-iodomercuri pyridine (II.) when treated with sodium 
iodide. 'J‘hc product i.s a yellow, amorjihous powder, M,pt. G8° to 69° C., 
which forms S-bromopyiidinc with bromine in sodium bromide. 



ClHg,^\HgCl 

I 



N 

I. 






•Hgl 



N 

II. 



DERIVATIVES OF FURANE AND PYRROLE, 

Tetra-acetoxymercuri-furane ® is formed when mercuric acetate 
reacts with furane. It decomposes at 226° to 228° C. and is converted 
by potassium hydroxide into the tetrahi/dTOwy-compound, decomposing 

^ Sachs and Eberhartinger, 1923, ^ [B], 2223. 

* eSasa and Grillo, GazzeUa, 1927, 57 , 322. 
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at 210' 0. The latter with sodium chloride gives ietracJdoromercuri^ 
fvrane, decomposing at2?55 ' C., iodine transforming thi.s into tetra-iodo* 
ruraiio. A monoaccto.vymerairi-furane has been reported, bnt its 
existence seem.s doul^tful. 

Pyrrole likewi.se forms tetracMoro and tetra-uceiuxy derivatives, the 
former yielding tetradodopyrrole wiicn treated with iodine in potassium 
iodide- 

UERIVATIVKS OR THE INDOLE SERI ESA 

3 - Acetoxy mercuri -2-111611171 - 1 -phthalyl-indole , 

C.Hg.OAc 



N.CO.Cf,H4-0O,H 

3lcthylphthuh'iindolc (l-t parts) is dissolved in 30 parts of hot aleohol, 
and mixed with a solution of 1*0 parts of mercuric acetate in 10 parts 
of alcohol. The product separates immediatel}’ us a pale reddish 
precipitate?. After cooling, it is filtered and washed with alcohol and 
ether- It is insoluble in the usual soh'aits, and when heated with 
mineral acids methylphthalylindolc is formed. 

3-Acetoxymercuri-l-methylindoIe. — To a solution of 8-8 parts 
of mercuric acetate in 20 parts of methji alcohol, a methyl alcohol 
solution of 1-3 parts of AAmethyiindolc is added. The compound 
separates as a white, crystalline mass, winch is washed wth methyl 
ak'ohol and ether. It is readily soluble in hot alcohol, benzene, or 
acetone, crystallising in line needles as the solutions cool. It is decom- 
posed by heating with dilute mineral acids. 

3-Hydroxymercuri-2-carboxy-l -methylindole is prepared from 
N-mctliyhndole carbo-xylic acid in the usual manner. It is insoluble 
ill the usual organic solvents, but dissolves readily in alkalies- Hot 
dilute niiueral acids split off the mercury- 

3 -Hydroxymercuri-2 -anisylindole , 

,o.HgOH 

Anisylindole (1-1 parts) in 100 parts of hot alcohol is mixed with 
1 -H parts of mercuric acetate in 1 0 parts of alcohol. A turbidity appears, 
and the mixture is warmed for a short time on the water-bath, when 
the product separates as a browui precipitate. It has similar properties 
to the preceding compomids- 

A product has also been isolated from '1-inethyl indole (methytketole) 
as a pale yellow precipitate, resembling the other indole derivatives . 
I’reatmcnt of its aqueous suspension with hydrogen sulphide immedi- 
ately gives black mercuric sulphide, 

DERIVATIVES OF QUINOLINE A 

Hydroxymercuri - 2 - hydroxyquinoline - 8 - carboxylic acid- — 
The acid (20-6 parts) is suspended in about 1000 parts of water, and the 
mercuric oxide from 13*5 parts of mercuric chloride stirred in- The 
1 German Patent, 236893. * Geiman Patent, 289246. 
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mass is boiled until a portion no longer gi\‘es a precipitate of mercuric 
oxide when treated with sodium hydroxide. The compound is isolated 
as a dark yellow, water-insoluble precipitate. The acid is insoluble 
in alcohol, ether, and benzene, and after warming wth hydrochloric 
acid, ammonium sulphide precipitates mercuric sulphide. 

Hydroxymercuri-'S-hydroxyquinoline-S-'Sulphonic acid is pre- 
pared in a similar manner. The free acid is bright yellow, sparingly 
soluble hi water and insoluble in alcohol, ether, or benyiene. 

Hydroxymercuri-2~phenylquinoline-4-carboxylic acid. — Ten 
grams of the acid are mixed with 13-3 grams of mercuric acetate in 
aqueous solution, and the whole heated until a clear solution is obtained 
with sodium hydroxide. The product is then filtered, washed with water 
and dissolved in very dilute sodium hydroxide, excess being avoided, 
and the solution treated with alcohol. The sodium -salt is precipi- 
tated, and has a similar solubility to the preceding compound. The 
preparation may also be carried out using mercuric oxide in place of 
acetate. 

Using the above methods, compounds have also been obtained from 
quinoline-8-sulphonic acid and 8 -hydroxy quinoline. 



DERIVATIVES OF DIHYDROBENZOFURAyESA 

The addition of mercuric salts to o-allylphenols leads to the pro- 
duction of a series of mercurated dihydrobenzofuranes of the general 
formula : 

CH.CHj.HgX 



CHji. 



/ 






111 comparison with other mercury salt - olefine compounds, these 
bodies are very stable towards acids. They )held compounds of the 
type R 2 Hg when reduced by sodium amalgam, and the corresponding 
iodide when treated with potassium iodide. No reasonable molecular 
formula has been devised for these compounds, which completely fits 
in with the facts, so that they are at present merely written as ■additive 
formulae. 

1-Acetoxymercurimethyl-l 2-dihydrobenzofurane, 




CH.CH 2 .HgOAc 



This is prepared by suspending o-allylphenol in water, and adding 
an aqueous solution of mercuric acetate. It crystallises in colourless 
plates, M.pt. 80° to 81° C. The corresponding chloride may be obtained 
by adding sodium chloride to the above compound or by replacing the 
mercuric acetate by mercuric chloride. It melts at 137° C. The 
bromide crystallises in lustrous crystals, M.pt. 122° C., and the iodide 
in colourless plates, M.pt. 114° to 115*5° C. 

^ Since it has act been definitely decided whether tiiese compoands aro ‘ molecular ’ 
fiubetanoes or merely addition compounds, only genersd direcstioos have been given for 
their preparation. Evidence at present points to the latter type. Adams, Roman, and 
Sperry, Amer. Chem. Soc„ 192^ 44, 1781 ; Mills and Adams, ibid,, 1923, 45, 1842. 




•iif> uK(;a.\u.metallic t'aMi’ui’E‘i>>s. 

1 i 1 - Sulphato - mercuridimethylene-'bis-l : 2-dihydrobenzo- 
furane, 

i (’H. \ 

“ X'il.Cll.HglSO, 

\ ; 

0- AIlvIphcnol is rarduliv added to a .solution of nicrc-urie oxide in dilute 
suljdiurie iieid. The piodnet moils at 123"' C. ^vitll decomposition. 

1 ; 1 -'Mercuridimethylene-'bis-l ; 2-'dihydrobenzofurane, 

pciI.CH j Hi! 

This is obtained in eoloiirless crystals, hl.pt. D3’'C., when l-ohloroniethyl- 
] ; 2'dih\v}rob(‘nzorurauo is reduced by sodinm auinljfam in ethyl alcohol 
solution . 

The ibllowiiijr is given as a general method of preparation of sub- 
stituted l'incrcurimetliyl-1 : 2-dihydrobaizofurancs. Ten grams of a 
substituted o-allylj)liciiol are slowly added to an aqueous solution con- 
taining one molecular equivalent of inercnrio acetate or chloride. With 
the latter, saturated solution is used, and the phenol slowly added 
until a floeculcut jmeeijutato is obtained, the oj^eratiou lasting one hour, 
'i’hc stirring is maintained until the oil solidifies. With mercuric 
acetate, about 10 grams of salt arc used with each 100 c.c. of water. 

The follo%ving incrcurated 1 :2-dihydrobenZofuranos have been pre- 
jmred by tlic addition of mercuric salts to o-allylphenols : l-Acetoxy- 
m€rcu7'im€i}ujl-€)-methyl-. M.pt. 113^ C. ; l-'chloromerciLrimdhyl-Q-methyl-^ 
M,pt. OT' C. ; l-acetoxymercurimethyl-o-methyh, oil; l-chloiwnercuri- 
meihyh5-mdhyl‘, M.jit. 127*5° C. ; l-acetoa'ymcrcunmethylA-inethyU, oil ; 

1- chloromercurimetbyl-’i-mdhyl-f M.pt. 99'5° C. ; l~acdoxymercuri~ 
methylA-hromo-f oil; l-ckhromercunmetliylA-bromo^, M.pt. 108° C. ; 
1-i‘hlomncrcw'imetliyI-Q-carboTif-, M.pt. 200° C. with decomposition ; 
l~€MorQm€rairimefhyl-C}~carbo?neiko.ry-,M..j)t. 107° C. with decomposition; 
l-cJdijromercurimethylA'Carboxy-, M.pt. 212° to 213° C. with decom- 
position; l-cMoromerctirimethyl~4-carboxyvinylene~, hl.pt. 300° C. with 
decomposition. 

The following is a general method for conversion of 1-chloromercuri'' 
or l-acctoxymcrcurimethyl''l ; 2-dihyclro-bcnzofuranes into the corre- 
s|)onKiing bromides and iodides •• A solution of 5 grams of the chloro or 
acetoxymercuri compound in absolute alcohol is mixed with a boiling 
solution of alcohol containing one molecular equivalent of the potassium 
halide. The compound separates on cooling, is washed and cry’stallised 
from alcohol- The following incrcurated 1 : 2-dihydrobcnzofuranes are 
thus obtained : lAodomercuriniethyl-Q-mdhyl-^ M.pt. 88° C. ; lAodo- 
mermrimdhyl-^-mdhyU, M.pt. 131-5° C. ; l-wdomercurimethylA-methyl‘, 
M.pt. 94° C. ; l-bromomercurimeihylA-bromo-, M.pt. 93° C. ; Idodo- 
mercurmeihylA-brotm-, M.pt. 101° C. 

l-Hydroxymercurimethyi''l ; 2-dihydrobenzofuranes are obtained by 
treating 10 grams of the corresponding chloro comjxmnds with one mole- 
cular equivalent of sodium hydroxide in 50 c.c. of warm absolute alcohol. 
The products are recrystallised from 95 per cent, alcohol. The following 
are recorded: 1-Hydroxymercuriniethyb, 'itLpt, 152° C, ; 1 -hydroxy- 
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mvi’curinict}iyl-ij-metliijl~, thick oil ; l-hydroAU)nn'eiin)iidliul--‘l-m6ihyl-, 
M.pt. UD® C. 

^Vlien the above com 2 )ouiids arc clish,oIvcd in Jiot alcohol, diluted with 
liot water, and a liot aqueous alcoholic solution of the requisite acid added , 
the following compounds are obtained : 'i-TfiHraUt-di-nien urinicihyU, 
M.pt. 192° C. with decomposition; l-ojakiio-di-inetrnriuu'ihyl-, M^pt. 
175° C. ; l-ji-nitrobenzatomercunmetliy!-, M.pt. 14t>' C. ; l~p~nitro- 
henzatomerciirimethyl-G-methyk, M.pt. 1U2-5’ C. ; J-p-iiiirabenzaio- 
merciirimethyl-i-methyl-, M.pt, 13G-5° C. 

l-'ChloromerciirimethyM; 2*dihydrobenzofuranes, when added to satu* 
rated solutions of potassium ev’anide or thiocyanate in absolute alcohol, 
yields : l-T]iiocyanatomercumneihyl-^ M.pt. 112-.5'^ C. ; J-cyanomercuri^ 
methyl‘s M.pt. 1G2° C. ; l-tJiiocyunaiomercitrimdhykl-mcH/yl-'^ M.pt. 
102-5° C. ; l-cyanomercu)‘wiet}iyl‘4i-methyl‘, Mqjt. 14>S“ C. 

The follo\\'ing compounds have also been described : \-SmUumthifH 
sulphatonwrcunmethyl-\ :2-dikydrohenzofurane.s, l-sodmmthio.sulph((tomer~ 
cunm ethyl -^-methyh^ and 1 : \~mercuridimcthylcne-bi8-\-mclhyl-\. :’2-dlhy- 
drobenzof wanes. 

UEItlVATlVJSS OONT AMINE MBROURY AND SELENIUM. 

Products from 2 : A-Diphenyl-selenophene.^ 

5 - Chloromercuri ~ 2 :4 - diphenyl ~ selenophene. -An alcoholic 
solntion of the selenophene Ls treated with the mercnric halide in tlie 
presence of sodium acetate, and the solution mechanically stirrt-d for 
tw'elvc hours. After a further twelve hours’ standing, a 90 per (‘cnt. 
yield of produet isobtained, which melts at 22 1° C. (corr.) after crystallisa- 
tion. When heated under reflux for an hour with aqueous bromine it is 
converted to tribromo-diphenyl-selenophene. An acetone solution of 
potassium bromide gives the 5-broniomercuriderivati\’eand mc-rcuri-bis- 
(2 : 4-diphenyl-selenophene-'5), 

5-Bromomercuri-'2 :4-diphenyl-selenophene is prepared by the 
metliods outlined above or by heating the mercuri-bis compound for ten 
minutes with mercuric bromide in acetone solntion. It crystallises 
from alcohol in microscopic, colourless, felted hairs, M.pt. 215° C. (corr.), 
soluble in benzene, toluene, or glacial acetic acid. When its toluene 
solution is boiled, it decomposes with formation of dipheiiyl-seieno- 
phene and mercurous bromide. 

5~Iodomercuri-'2 *.4 -diphenyl --selenophene cannot be fonned by 
the action of mercuric iodide and sodium acetate on 2 : 4-diphcnyl- 
selenoplienc, or by sodium iodide upon the 5-chloromereuri eomjxmnd. 
A 30 per cent, yield is obtained when the mercuri-bis derivative in acetone 
solution is heated for ten minutes wuth mercuric iodide. The pure 
product fonns colourless crystals, but unless the experiment is per- 
formed in the dark only a red product is isolated. 

5 - Gyanomercuri -2:4- diphenyl - selenophene. — The 5-chloro- 
mercuri compound is treated with sodium cyanide in acetone solution. 
The mercuri-bis derivative is precipitated, and dilution of the filtrate 
gives a 50 per cent, yield of the 5-cyanomercuri compound, M.pt. 256-4° 
C, A 90 per cent, yield is obtained when the mercuri-bis derivative is 
heated for ten minutes in acetone solution with mercuric cyanide. 

1 Bogert and Herrera, J. Atmr. CUm. Soc„ 1923, 45. 238 ; Bogert and Andoraon 
tm, 1926, 48, 223. 
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^Vhen boiled in benzene, toluene, or xylene it is decomposed into 2 : 4* 
diphenyl'Selenophcnc and mercurous cyanide. 

Merc«ri-biS“(2 : 4-diphenyl-selenophene-5), (PboC 4 HSe) 2 Hg, 
may be isolated from the 5-cliloroinereuri compound and potassium 
bromide, sodium cyanide, or sodium iodide, also from tlie 5*bromo- 
inercuri compound and sodium bromide. It forms pale gray, minute, 
felted hairs, l\Lpt. 230-7'^ C. (corr.). 

Derivatives containing mercury and arsenic are gi\‘en under the 
latter element in Part II. of this volume. 



CHAPTER XI. 



ORGANOMETALLIC DERIVATIVES OF THE METALS 

OF GROUP III. 

Boron, aluminium, indium, and thallium are the only elements in this 
group from which true orgaiio- compounds ha\^c been obtained. The 
metalloid boron forms a greater variety of compounds than the other 
three metals, its derivatives bearing some resemblance to those of silicon 
and phosphorus. Whilst aluminium and gallium when heated with dry 
hydrogen chloride yield AlClg and GaCl^ respectively, indium and 
thallium only give InClg and TlCl respectively ; also the .stal)ility of the 
trichlorides of these metals diminishes from aluminium to thallium. 
This gradation in basicity is reflected in the organO'Compounds, for 
whilst it is possible to obtain the type R.jM from aluminium, only 
the form R 2 MX can be isolated from indium and thallium. Moreover, 
in the case of the latter metal, the inorganic tervalent compounds are 
less stable than the thallous salts, but no oi-gano-thallous derivatives 
have ever been isolated. 

The first organic compound of boron was isolated by Frankland in 
1862, by the interaction of zinc methyl and tricthyl borate.^ This 
method and the use of zinc alkyls with boron trichloride was continued 
until tlie discovery of the Grignard reagent. In 190h ^ lx>ron tri- 
methyl was prepared by the action of magnesium methyl iodide on tri- 
methyl borate, and in 1921 ® a number of boron trialkyls were obtained 
by the interaction of magnesium alkyl halides and boron trifluoride. 
Of the derivatives of the type R3B, boron trimethyl is a gas, spon- 
taneously inflammable in air; boron triethyl, a spontaneously inflam- 
mable liquid ; whilst the higher members of the series are liquids, readily 
oxidised when exposed to air.., The methyl ^iid ethyl derivatives 
combine with ammonia to form’- R* 3 B,hfe 3 . iTife type lUBOH only 
has one represenhatiH^^e* ethyl compound, wliihK l^ia liquid readily 
absorbing oxygeiilfe^ttt l;bd air^ 

The alkyl &)ric acids, RB(OH}i;ffe jb^ prepared by the action of 
magnesium alkyl halides on boric Ml^MCfhey are all solids, and the 
lower members of the series are volatile at low temperatures. 

In the aromatic seri^ only one member has been obtained of the 
type R 3 B, namely, boron triphenyl.^ It is formed by the interaction of 
magnesium phenyl bromide and boron trifluoride, an excess of Grignard 
reagent giving boron diphenyl fluoride and boron phenyl difiuoride at the 
same time. Boron triphenyl is a solid, which readily yields additive 

^ Frankland, Annalen, 18^2, 124, 120. 

* Kkotinsky and Melamed, jB®-., 10(^, 42, 3<)0O. 

® Krause and Nitsche, Ber., l!^l, 54, [B], 2784, 

* Krause and Hitsckei, Ber., 1922, 1261. 
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eoiupouiids with aumioiun and aromatic amines, in which boron has 
the co-ordination number 4. 

The type represented by boron dipheind chloride and 

bromide, both bein^f prepared by the use of mercury diphenyl. The 
chloride is a liquid, B.pt. 270* to 271^ C., and the bromide a solid. M.pt, 
24' to 2.^° C. Treatment with sodium hydroxide yields tlie type RoB.OII. 

A considerable number of derivativ es are known of the type RBX 2 , 
the uenernl method of preparation consistiiiii of treating boron tri- 
chloride with mercury diaryls, in the proportion of 1 mol. of the latter to 
2 mols. of the boron halide. Some of the products are solids, others 
j‘mj3h)y liquids, but all wl)cn treated with water arc converted into the 
corresponding acid.s, RB(OH)«. 

The diaryl boric acid.s, R«B(OH). arc conliiied to the diphenyl and 
tli-p-tolyl compounds, although in the latter case the anhydride and 
not the acid is formed. 

The niouQury! boric acids, RB(OH);, arc usually isolated, as stated 
iibovc, by the action of water on the type RBX._>, although in c-ertain 
cases this leads to the formation of the oxide RHO. llie phenyl 
compound has been oljtaiucfl In* boiling with water the product of 
reaction from magnesium phenyl bromide and boron trifiuoridc. The 
most rcniarkal)Ie feature of the type RB( 0 H )2 is that the action of 
iiuwcurie chloride upon them leads to the production of mercury aryl 
halides {KHgX). The anisyl and phenetjd compounds do not yield 
oxides when heated, or form salts, and the ^8-naphthyl acid exists in two 
inodiiications. Dehydration of the acids in vacuo gives the oxides, RBO. 

Aluininiimi compounds of the type RoAl were first investigated liy 
Cciliours in The}' are diilicuit to handle, and the methyl, ethyl, 

and propyl derivatives are liquids, spoutaneomsly inflaumiable in air. 
In attempting to devise new methods for the preparation of these 
substances, Krause and Wendt" isolated the etheratos, lAlRg.SEtO, 
wiiieli arc (‘olourless, moliile liquids rapidly undergoing decomposition 
in the air. but do not hiiiame. 

Only oiu' compound of each of the types R,A1X and RAIX, is known, 
nainel}', the ethyl derivative, and this in each case is spontaneously in- 
ilammable, although the etherates, like those above, do not exliibit 
this property. 

The only other alkyl compounds known are derivatives of methylene 
icjdide or bromide, aluminium powder reacting witli these compounds 
to produce the type CH^^AIX, which are heavy liquids. 

Aluminium triphenyl is the sole aluminium aromatic organic coiu- 
poimd. Like the corresponding alkyls, it forms an ethcratc, but its 
decomjiosition by air is not so rapid. Mercury diphenyl and aluminium 
ill a nitrogen atmosphere at 140° C, produce the compound, with much 
cv oiutioii of heat, in a few seconds. Iodine decomposes it, with formation 
of aluminiuni iodide and iodobenzene. 

The metal indium has so far only yielded one derivative, indium 
diphenyl chloride.® This was isolated by the interaction of mercury 
diphenyl and metellie indium in boiling xylene. It is an insoluble com- 
pound, not melting at 350° C. When metallic indium and mercury 
diphenyl arc heated at 270° C. in a nitrogen atmosphere under reduced 

1 Cahoura, ISliO, 114, 242 . 

* Krause and Wendt, Eer., 1023, 56 , [B], 46(5. 

® Ck)ddard, unpublished. 
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]irc‘ssurc, and the residue extracted with ether, a eoiijpmmd eorre^poIld- 
ing to CftllsIiiOjInoO.^ is isolated from the solutifai. 

The first organic thallium compound was obtjiincfl by Hansen.^ hy 
treating zinc diethyl with thallie chloride. Four years later Hartwig - 
prepared salts of the type R/IIX. No further work was done upon the 
metal until 190 J-, when Meyer and Bertheim® Lsoiated thalliuiii dimethyl 
chloride by a reaction which may be expres.sed in a general form ; 

TICI3 ^-2:\rgRCl=R2TlC] i-2MgCh 

The present authors have shown since that tliis reaction may be used 
to form any aliphatic or aromatic compound of thallium of the typo 
R/nX.*^ If it is desired to prepare thallium compounds etmtuiiiing 
secondary radicles, an excess of Grignard reagent must uot Ijc used, or 
reduction takes place to metallic thallium.^ When thallium dialkyl 
halides are treated \nth sih'er oxide, the halogen is split off and hydrox- 
ides formed. The solutions thus obtained are strongly basic, raj)idly 
ab.sorb carbon dioxide from the air, and when treated with adds, or 
compounds containing acid groupings, they yield salts. Thallium 
diethjd hydroxide has been isolated in the solid state, and with aqueous 
.solutions of metallic salts it precipitates hydroxides. In the case of 
halides, cyanides, or thiocyanates in the aliphatic series, the following 
reaction with silver nitrate takes place quantitatively, 

RoTlX -f AgXO .5=AgX +R2TIXO3 

and since the nitrate is soluble, this affords a method of estimating the 
acid radicle.® .Although many double salts are found in inorganic 
chemistry containing thallium in the thallie state, very few are met witli 
in organometalhc derivatives. In spite of the fact that the authors have 
prepared considerable numbers of salts of the ty|>e RjTlX, both in the 
aliphatic and aromatic series, only the following double compounds ha\'c 
been isolated: thallium dimethyl m-nitrophenoxidc, CgHioOgNTL 

CgHsOgX; thallium diethyl 4-nitrosoplienoxide, CioHi402XTl.CgH402N ; 
thallium diethyl 5-nitro-o-tolyl oxide, CnHia03XTLC7H703X ; thallLuin 
diphenyl acid propionate, acid valerate, acid butyrate, acid m-hexoate. 
Moreo\"er, with the exception of the fluorides, none of the salts 
appear to contain water of crystallisation. 

Thalhum diphenyl bromide was first mentioned by Meyer and 
Berthehn in 19f)4, but in 1922 the present authors showed that this com- 
pound was impure, and that the reactions given for it did not represent 
the facts, as shown by their later preparation. They therefore claimwl 
their preparation to be the first organometalhc compound of thallium, in 
the aromatic series, to be obtained in the pure state. The compound, 
which is typical of the aromatic thallium diaryl halides, does not melt 
below 300° C,, and may be crystallised from pyridine. The coixes|K>nd- 
ing chloride is decomposed by iodine monochloride according to the 
equation : 

PhgTlCl -l-2lCl=2PhCl +TlCl+Ia 

^ HanKjn, Ber„ 1870, 3, 9. 

® Hartwig, Ber., 1874, 7, 298 ; An?u^ny 1875, 176, 257. 

® Meyer and Bertheim, Ber., 1904, 37, 2051. 

•* Goddard and Goddard, Tmm. CMm. jSm., 1921, lig, §72, 1310 i 1922, 121, 36, 
25G, 483 } 1923, 123, 1161. 

® Krause and Groese, Ber., 1925, 58, [B], 1933- 

« Goddard, Tram. Chem. jSoc,, 1921, 673. 
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If the thallium di})!u'iiyl chloride lx- rcj)laced by tliallhim diethyl 
bromide, only thallous iodide is isolated from the reaction. It lias been 
])ointed out that thallium ciialkyl halides when treated with moist silver 
oxide yield the corresponding? Inalroxidcs, and that the latter with acids 
give salts. In the aromatic scries, it is 1‘ound that the best method of 
preparing the salts is to boil together a mixture of the halide, silver oxide, 
and the organic acid in toluene. Akoholic potassium hydroxide traps- 
j'ornis the halides to oxides, and these arc also available for production 
of salts. 

It is well known that many orgaiio mercury compounds of the tyj'je 
R^llg react with metallic and non-metallic chloride.s to form organo- 
metallic derivatives of the metals in question. The present authors ^ 
carried out a eoiusidcrable number of reactions of this type, with various 
organometallic eomjiounds, the results of whicli are shown in Table IV. 
of the Appendix. 

It will be seen that a number of the reactions afford means of 
obtaining organodballium de^ivati^‘es. In the case of organo compounds 
of the elements of Group it may be stated that phosphorus and 
antimony chlorides yield no organo-thallium derivatives, whereas arsenic 
ami bisinutli chlorides arc capable of vi elding compounds of the type 

R/rix. 

Snnuuarising the results for tin and lead compounds in the aliphatic 
and aromatic series, .substances of tlic type R,,M give rise to R^MX, 
and RoTlX ; R^^MX and R^MR' yield thallous chloride and RjMR., 
and RgMX respectively ; RoMRj.' produces RgAIXg and RgTlX, 
where R' is the radicle of lower molecular weight ; and RgMXg merely 
exchanges its halogen, X«, should it be bromine or iodine, for the chlorine 
of the thallic chloride. 

Whilst 2 -chloromercuri -thiophene and mencury 2 : 2 '-dithienyl form 
organo derivatives when treated with arsenic trichloride,” thallic 
chloride merely decomposes the first compound, and gives no organic 
compound \vith the second. 2 -Iodomercurithiopheiie is con\'erted to 
2 -chloromcrcuri-thiophene and thallous chloride is formed. p-Amino- 
phenylmercuric acetate treated with ethereal thallic chloride gives an 
unstable additive compound, corresponding to the formula, 2 C 8 H 9 O 2 
NHg.TlCl;., and p-aminophcnylmcrcuric chloride behaves similarly, but 
when the solutions are heated complete decomposition takes place. 
p-Bis-mereurianiline and sodio-camphor do not yield thallium derivatives 
under the above conditions. It is therefore e\ident that only normal 
compounds of the t}q>e R*Hg give rise to thallium derivatives,” where R 
may be any radicle except benzyl, thienyl, or an iso-group ; in other 
cases subst^ces of the type R 2 TIX are formed. 

The estimation of thallium ® in organic compounds is carried out 
in a spherical flask of 200 c,c. capacity, having a short, groimd-glass 
neck, carrying an air condenser 3 feet long. About 0*2 gram of sub- 
stance is treated in the apparatus with 20 e.c. of fuming nitric acid, and 
the wliole boiled until colourless. The contents of the flask are then 
rinsed out and evajx>rated to dryness, the residue dissolved in water, a 
few drops of dilute ammonia added, and the thallium precipitated by 

1 Goddard, Tram. €hem. Sot... 1922, 121, 26 ; 1923, 123, 1161 ; Goddard and Goddard’ 
ibid.. 1922, I2I, 256, 482. 

® Stelnkopf and Banermfister, Anmlea, 1917, 413, 331. 

“ Goddard and Goddard, Trana. Chem. Soc„ 1922, 121, 488. 
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hot potassium dichromate. In cases such as thallium diphenyl chrom- 
ate, the thallium is first removed as thallous iodide. l)cfore precipitatinji 
the other metal. For halo<|cn estimation, silver nitrate in 1 c.c. of 
water is added before the addition of the fuminif nitric acid, and the 
mixture boiled to destroy organic matter, then treated in the usual way. 
This method of estimating halogens gi\-cs good results in the case of 
thallium, lead alkyl, and mercury compounds, and would no doubt 
answer for any type of organo compound which does not explode with 
fuming nitric acid, or give a stable nitrate, like lead diphenyl nitrate, or 
yield an insoluble oxide, as in the ease of tim 

Borox. 

Alkyl Compounds of the Type R^B. 

Boron trimethyl, Me^B. — This compound was first obtained^ by 
the interaction of zinc mcthj’^l and triethyl borate. It has more 
recently been prepared by the interaction of magnesium methyl iodide 
and trimethyl borate.^ 

The product isolated by the above methods is a gas of pungent odour, 
which is spontaneously inflammable in contact with air. Frankland 
states that it can be liquefied at 10° C., under a pressure of three atmo- 
spheres,’ to a colourless liquid, whilst Stock and Zeidler give the melting- 
point as — 161-5° C. and the density at —100° C. as 0-62.5 (as liquid). 
They also recorded the following vapour pressures : — 

Vap. press, in mm. 1 2 3 4 G 10 15 21 

Temperature . —118 -113 -108 -103 -98 -93*3 -88-4 -83-5 

Vap, press, in mm. 32 43 GO 82 113 147 192 253 

Temperature °C. . —78-4 -73-8 — G8-9 -64-1 -59-2 -54-3 -49-4 —44-5 

Vap. press, in mm. 319 406 511 759 

Temperature °C. . -39-6 -34-6 -29-7 -20-2 

The vapour density between —25° C. and -}-100° C. corresponds to 
the formula BMcg, 

The gas is soluble with difficulty in water, but very easily soluble in 
alcohol and ether. It combines directly with ammonia, yielding boron 
trimethylammine, BMcg.NHg, M.pt. 56° C., B.pt. 110° C., which crystal- 
lises from ether in many-sided, highly refractive, volatile crystals. The 
compound has the vapour pressures 1*0 mm. at 0° C., 1-8 mm. at 5-6° C., 
2 mm. at 10° C., 3-2 mm. at 15-2° C., 11-0 mm. at 31-2° C., and 16-5 mm. 
at 36-9° C. The vapour density, measured between 25*0° C. and 70*0° C., 
shows that about 10 per cent, of undissociated ammine can exist in the 
gaseous state at 25° to 30° C., but molecular weight determinations in 
benzene solution by the cryoscopic method show that the ammine is 
practically undissociated. The benzene solution is stable in air, smells 
faintly of boron tri methyl, but not of ammonia. 

Treatment of boron trimethyl with potassium hydroxide or an 
ammoniacal solution with alcohoHc potassium hydroxide yields a resinous 
mass, to which Frankland ascribed the composition BMcj.KOH. 

1 FranMand, Annaien, 1862, 124 , 129. 

* Khotinsky and Melamed, Ber., 1909, 42 , 3090. A re-examinatien of Franklarai’s 
compound was made by Stock and Zeidler (Ber., 1921, 54 , [B], 631) who obtained the 
compound in the gaseous state from boron chloride and zinc methyl, the violence of the 
reaetkm being moderated by cooling or working under <b‘imnished^pressure. 
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Boron triethyL- *TJuy is prepared by tlic action of zinc etliyl on 
the tridthyl ester of boric^ aeid.^ and also by the interaction of zinc ethyl 
and boron trichloride.^ Fnmkland described it as a fnminsr liqnid, 
spontaneously inilammablc in air. It melts at —92-9^ C'., and boils at 
9.1 C'. ; density at '23 ‘ U., 0-G9S1 ^‘^lpour pressure at O*" C., 12-5 mm. It 
nnder^^ocs slow decomposition on heating, yiddiiig some hydrogen and 
ethane : the vapour density near the l)oiling*poiut corresponds to the 
simple formula BEt,..‘^ The liquid is only very slightly soluble in 
water, prolonged treatment only showing very slow decomposition. 
Todiue has no action upon it even at 100 * C. It burns iu air with a bright 
green, sooty llame, aud e.vplodes iu pure oxygen. When heated with 
coucentrated hydrochloric acid o\'er mercury to 99"'' C., an ethyl groiij) 
a[ipears to be replaced l>y halogen, }’ielding boron diethyl chloride. 
Like iioron trirnethyl. it forms an ammine, BEtg.XIIy, which is stated to 
liave an aromatic smell and an alkaline reaction. 

Boron tri-n- propyl, — This and the following trialkyl 

boron compounds are prepared by the action of boron fluoride ou 
magnesium alkyl halides, details of a preparation being given under 
the i.soainyl compoiuid. The following physical data have been noted 
ibr the propyl compound : B.pt, 60° C. at 20 mm. ; B.pt. 156° C. at 
760 mm. ; ciensity at 24-7° C. 0-7204, whence density at 22*5° C. 
0-7225 ; 1 -411^9, ii„ 1-41.952, iini 1-41895, nir-. 1-42354 at 22-5° C. 

Boron tri- isobutyl, (€41X9)36. — B.pt. 86 ° C. at 20 mm. (uncorr.); 
B.pt. 188° C. at 760 mm, ; density at 25° C. 0-7380, whence density at 
22 - 8 '’ C, 0-7400; iiu„ 1-41632, nn 1-41882, iiH^a 1-42445, hh- 3-42882 at 
22 -8° C. 

Boron tri-'iso-amyl {€ 51111 ) 36 . — Boron trifluoride obtained by 
the interaction of 75 grams of potassium borofluoride, 13 grams of 
Ixirie anhydride^ and 250 c.e. of concentrated sulphuric add, is passed 
ill a rapid stream into the magnesium compound from 106 grams (1 
mol. ) of isoaniyl chloride in 330 c.e. of absolute ether. The boron tri-- 
lluoridc is rapidl\‘ absorbed, and after completion of the reaction the 
w-hole is heated to boiling for twenty minutes on the water-bath. The 
ether is then distilled off in a stream of nitrogen and the residue distilled 
in dry nitrogen at 13 ram. The pure product obtained distils at 119° C. 
at 1 4 mm, in nitrogen. Yield 42 grams (55 per cent,). 

The compound is a colourless, very niol)ile liquid, having an odour 
re.seuibling amyl alcohol. It is readily oxidised in air, yielding isoamyl 
Ixiric acid. It bums with a bright green flame and is slowly acted upon 
by water. 

Ph}-sical data : density at 23-4° C. 0-7600, whence density at 
22-6° €. 0'7007; iiHa 1-42983, m, 1-43207, Uh^ 1-43782, nm 1-44254 at 
22-(5° €. 

.ilkyl Compounds of the Type R2B,OH, 

Boron diethyl hydroxide or Diethyl boric acid, EtjB.OH,® is 
prepared by the action of -water on the ethyl ester of diethyl boric acid. 
It is a liquid w-hich cannot be distilled without decomposition ; it 

^ Fraiiklaiid, Atmalm, 1802, 124 , 129. 

2 >St(K-k aud iit-idl<«r, Be,r., 1921, 54 . [B], 531 ; Fraiiklaiid, Jahresher., 1876, p. 469. 

® .S't^k and Zeidlor, loc. cit, 

* Krause and Nitsche, Ber., 1921, 54 , [B], 2784. 

® Fraiiklaiid, loc. cit. 
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absorbs ox^yf^en from the air. formiiijr the mouoetliyl ester of ethyl boric 
acid, EtB(OII).OEt. The O -ethyl derivative of the abo\‘c compound, 
the ethylate of diethyl boric acid, Et^.B.OEt, is prepared from the 
eomponnd of the diethyl ester of etiiyi boric acid with the triethyl ester 
of boric add, Et.B(OEt) 2 .B(OEt) 3 , and xine etliyl. The product is a 
colourksss liquid, B.pL 102^ to 103’' C., which is transformed by dry 
oxygen into the diethyl ester of ethyl boric acid, and is decomposed by 
water into alcohol and diethyl boric acid. 



Alkyl Compounds of the Type RB.(OH} 2 - 

Methyl boric acid, Me.B(OH) 2 . — Boric esters are best prepared by 
the action of alcohols on boric anhydride under pressure, and it has been 
found ^ that these esters react with Grignard’s reagents to form the 
abo\‘e t;v*i:)e of compound, according to the equation : 

RMgX+B{0R^)3=BR{0R^)2+R'0,MgX 

The interaction of trimethyl boric ester and magnesium methyl iodide 
in ether, followed by decomposition with acidified ^^•ater, yields methyl 
boric acid, as white crystals, very volatile and unstable. It has never 
been isolated in the pure state, but IMichaclis and Becker ^ showed 
that it exerts a methylating action on magnesium phenyl bromide, the 
produets consisting of phenyl lioric acid and tolneiie. The esters of this 
acid are readily hydrolysed by cold water. 

Ethyl boric acid, EtB(OH) 2 , is deposited in white crystals from 
ether, readily subliming at 40° C., and very \‘olatile. It may be pre- 
pared as the above methyl compound, or by decomposition of the 
diethyl ester of ethyl boric acid with water, ^ also by the action of water on 
the double compound of the diethyl ester of ethyl boric acid with triethyl 
boric acid. The acid is easily soluble in water, alcohol, or ether, has an 
acid reaction, but docs not combine with bases. 

The monoethyl ester, Et.B{OH)OEt, is a crystalline product, decom- 
posed by water into alcohol and ethyl boric acid, and is prepared by the 
action of atmospheric oxygen on diethyl boric acid below 8° C. 

The diethyl ester, Et.B(OEt) 2 , is a liquid, boiling with decom|wsition 
at 125° C., and is decomposed by water like the monoethyl derivative. It 
is formed when boron tri ethyl is oxidised in air and then in oxygen, or 
when dry oxygen acts upon the ethyl ester of diethyl boric acid, 

The ester combines with triethyl boric ester to form Et.B(OEt) 2 . 
B(OKt) 3 , which compound may also be obtained from sane ethyl and 
2 mols, of triethyl Iwric ester. It is a liquid, B,pt, 112° C,, yielding 
ethyl boric acid, boric acid, and alcohol when treated ydth water, 
whilst zinc ethyl transforms it into the ethyl ester of diethyl boric 
acid,'* 

Propyl boric acid, C 3 H 7 .B(OH) 2 , is described by Khotinsky and 
Melamed as melting at 74° to 75° C, and soluble in alcohol and ether, 
Krause and Nitsche,® however, prepared the compound by placing boron 
tripropyl in a flask filled with nitrogen, loosely corking Ihe flasfc so that 

1 Khotinsky and Melamed, jBsr., 1909, 4 ^ 3090, 

* Mkfliaelis andl Becker, Rer., 1880, 13 , 58, 

® Frankiand, Anmim, 1862, 124 , 40 ; 1876, p. 468, 

* FranMand, iMat. 

® Krause and Nitscibes, Ber., 1921, 54» [B]» 2784. 
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air couid gradually diffuse in, when boron propyl oxide was obtained ?jy 
oxidation, and this substance when recrystallised from a little hot 
water gave the required acid, It formed thick, colourless plates, AI.pt. 
107^ €., easily soluble in hot water, with difficulty in cold water, and 
fairlv soluble in the usual organic solvents. 

Isobutyl boric acid, (C,jIl 9 )B(OH is prepared as above as 
colourless plates from hot water, Al.pt. 1 1 2' C.^ 

Isoamyl boric acid, forms colourless, rectangular 

plates from water, M,pt. 16b" C. It is fairly soluble in the usual 
organic solvents, and ibrms sodium and auimoninm salts, the latter being 
unstable and readily evolving ammonia. 



Ary] Cumpuundti of the Type 

Boron triphenyl, PhaB,^ is prepared as follows: One quarter of 
the Grignard reagent from 1.5(> grams of bromoben'/ene and 24 grams 
of raagnesinin in 500 e.e. of etlier is saturated with the boron_ trifluoride 
from 52 grams of j>otasshmi borofluoride, 8 grams of boron trioxide, and 
100 e.e. of concentrated sulphuric acid. The gas is readily absorbed, and 
afterwards the remainder oi‘ the Grignard reagent is added, the mixture 
being cooled in ice. The reaction is Very \iolent, and the boron phenyl 
fluoride is transformed to boron trijilienyl, this change being completed 
by se^ era! hours’ heating on the water*bath. The ether is then distilled 
off, and the residue distilled in nitrogai at 18 to 15 mm. pressure in an 
oil-bath. Boron triphenyl slowly distils at 245° to 250° C. as a thick oil, 
which solidifies on cooling to eolonrless*, thick, six-sided columns, some 
one centimetre in length. .After .s•e^‘eral distillations in carbon dioxide 
it boils at 203^ C. at 15 nmn, M.pt. 136° C., tlm yield of pure product 
being about 50 per cent, of the tlieory. 

The crystals resemble those of triphenylarsine and triphenylstibine 
in form, are easily .soluble in benzene, toluene, and other benzene hydro- 
carbons, less soluble in ether, but react with alcohols forming esters. 
It.s ethereal solution in the presence of sodium wire becomes intensely 
coloured, and deposits orange -yellow, prismatic crystals, but oxygen 
destroys the colour.®’ ^ 

Boron triphenyl unites readily with ammonia and amines, jdelding 
additive compounds in which Iwron has the co-ordination number 4. 
The method of preparation is general and consists in bringing the com- 
ponents together in ethereal solution.® 

Boron triphhiyl-ammonia, PhgB.XPIg, forms snow-white crystals, 
very difficultly soluble In ether or cold benzene, easily in hot benzene, 
cold methyl or ethyl alcohol, * The crystals in the dry state are stable in 
air, begin to .soften alxmt 203° C-, and melt with gas evolution to a clear, 
yellow-brow'n liquid above 212° C. 

Boron triphenyhmeihylamine, Ph 3 B.AleXH 2 , occurs as colourless 
prisms, having similar properties to the above compound. It sinters at 
208° to 209° C., melting to a clear liquid at 21 0° to 211° C. 

Bormi triphenyl-ethylamme, M.pt. 166° to 168° C., and the corre- 

^ Khotinsky gives the iiKlting-poiiit as 104® C. and isoamyl boric acid aa 101° C. 

* Krause and Nltsche, Ber., 1922, 55 , [B], 1261. 

® Krause, Ber,. 1924, $ 0 , [Bl, 216. 

* If excess of Grignard reagent is used in the above reaction, a mixture of boron 
tripbenyl, boron diphenyl fluoride, and phenyl boron difiuoride, appears to be formed. 

“ Krause, Her., 1924, 57 , [Bf 813. 
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spoiiding n- propylamine derivative melting above 180 ^ with decom- 
position, have been prepared. 

The dimethyl and trimethylamine derivatives melt at 200 ' C. and 13.5" 
to U37'' C. respectively. 

From aromatic compounds, the following combinations have been 
isolated : boron triphenyl aniline^ M.pt. 188° to 140° C. with decom- 
position ; with pyridine, M.pt. above 214° C. with decomposition ; 
with quinoline, M.pt. 100 ° to 170° C. with decomposition ; with quin- 
aldine, M.pt. 110 ° to 112 ° C, with decomposition ; with piperidvie, M.pt. 
218° to 214° C., decomposing above 216° C. ,■ with phenyl hydrazine, 
M.pt. 138° to 140° C. 

Aryl Compounds of the Type RgEX, 

Boron diphenyl chloride, PhoBC’l, is a colourless liquid, faintly 
fuming in air, and slowly decomposed by water. ^ It is obtained by 
heating boron idicnyl dichloridc (S grams) and 18 grams of merenry 
diphenyl in a sealed tube at 300° to 820° C. for twenty-four hours. The 
crude product is taken up in petroleum ether, the solvent removed, and 
the residue fractionated, the portion distilling at 270° to 271° €. being 
pure boron diphenjd chloride. Yield 3-5 grams. 

Boron diphenyl bromide was lirst obtained as a by-product in the 
preparation of boron phenyl dibromide, from lx>ron tribromidc and 
mermiry diphenyl, the eompoimd being containerl in the fraction dis- 
tilling above 150° C, at 20 mm. It may be more readily i.solated by 
taking the proportions represented by the following equation : — 

Ph gHg +BBr 3 =Ph 2 BBr +I IgBr 2 

\ crystalline, colourless mass is formed, M.pt. 21 ° to 25° C., redden- 
ing in air, and decomposing with water with separation of diphenyl 
boric acid . 2 

Aryl Compounds of the Type RBXg. 

Boron phenyl difluoride, Ph.BFg,® an oil, B.pt. 70° to 75° C.; 
difluoride has been previously mentioned under the preparation of boron 
triphenyl. 

TIi£ dichloride is obtained according to tiie equation : 

2 BCI 3 -hPh 2 Hg = 2 PhBCl 2 -hHgCl 2 

the substances being heated in a sealed tube at 180° to 200° C. It is a 
colourless liquid, soon becoming red in air, and boiling at 175° C., 
although it may be solidified at low temperatures, but melts again at 
0 ° C. Atmospheric moisture causes it to fume, and when dropped into 
water it is decomposed with a hissing noi.se. If chlorine is passed into 
the liquid at the ordinary temperature it is partly decompose, yielding 
chlorobenzene and boron trichloride, but if all the air is removed by 
carbon dioxide before the chlorine is passed in boron phenyl tetra- 
chloride results. 

The dichloride reacts * with chlorobenzene and sodium to form boron 
triphenyl. 

1 Michaelis, jBer., 1894, 27. 244. 
s Michaelis and Richter, Anncdm, 1901, 315. 26. 

® Krause, German Patent, 371467 } Ckem.. Ze.nir., 1923, ii, 10^ 

« Mxahariia, B«r,, 18^, zz, 241. 
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The dibromide is ol>tained \vhen the bovon trichloride in the above 
eqnation is replaced by the tribroinide. It crystallises in colourless 
tablets. M.pt. S2' to 34'' i\, B.pt. 99^ to 101 ' C. at 20 mni., fumes strongly 
in air, has a pungent sracll. and is decomposed by vater giving phenyl 
boric acid. 

Boron o-tolyl dichloride is a colourless, thick oil having a strong 
smell, and faintly fuming in air. When cooled to 0^ C. it solidifies, 
melting again at C., and vitli water jields the corresponding lx)rie 
ucid.^ 

Boron p-tolyl difluoride,^ is an oil, B.pt. 95^ to 07° C. The 
eormspondiiig dibromide ^ forms a white, crystalline mass, M.pt. -14° to 
45 ' C., B.pt. 145° C. at 23 miii. (approx.), which fumes strongly in air, 
and is violently decomposed to the acid by water. 

Boron O” andp-anisyl dichlorides, CH 3 O.CeII 4 .BCI 2 . The former 
was not analysed by Miehaclis. but he stated that its properties were 
similar to those of the p*anisy! derivative. This latter compound is a 
light, yellowish-red to violet liquid, B.pt. 182'' C. at 170 mm., and on 
cfioling solidifies to a erv.stalline mass which melts at 30'*' C. It fumes 
strongly iti air. and reacts ^'igorously with \vater to form the acid. 

Boron o- and p-phenetyl dichlorides. — ^The first of these com- 
pounds has only been obtained in small quantities and has not been 
analy.sed, although the add has been derived from it. The para com- 
pound is a colourless liquid, B.])t. 220 °' C. at 400 mm., whidr may be 
obtained as a crystalline ma.ss, M.pt. 2° C., tlie general properties being 
similar to those of the anisyl derivative. 

Boron o-xylyl dichloride lx)iLs at 212 ° C. and melts at about 0 ° C.^ 
The meta compound is a colourless, \'ery strongly fuming liquid, B.pt. 
218'’ ('., and is prepared by heating mercury di^m-xylyl with an excess 
of Imron trichloride in a sealed tube at 200 ° C- for twenty-four hours. 

Boron m-xylyl dibromide is a colourless, refractive liquid, boiling 
at about 125° C. at 15 mm., density at 15° C. 1-57. 

Boron-p-xylyl dichloride may be prepared similarly to the meta 
coin|Kmnd, but the reaction takes place at 180° C. It distils as a trans- 
parent liquid at 205° C., and fumes strongly in air. 

Boron pseudocumyl dibromide ® is a colourless liquid, boiling 
between 170° and 190° C, at 16 mm., with partial decomposition. 
IVhen treated with water it yields the oxide. 

Boron a-naphthyl dieWoride, C10H7BCI2, boiling at about 164° C. 
at 25 mm., is prepared by heating mercury di-a-naphthyl and boron 
trichloride at 120 ° to 150° for eleven hours. The ^-naphthyl derivative 
forms colourless needles, M.pt. 116° C., and is readily soluble in dry 
benzene, ether, or petroleum ether, fumes slightly in air, and yields the 
acid with water. 

Aryl Compounds of the Type RgBOH. 

Diphenyl boric acid, PhgB.OH.® — ^When boron diphenyl chloride 
or bromide is treated with sodium hydroxide, and the clear solution 

1 Michat'lia, Ser., 1889, 22, 241 ; Michaelis and Becker, ibU., 1879, 12, 58. 

s Krauise, German Patent, 371467; Chem. Zmir., 1923, li. 1089. 

® Midiaelia and Bichter, Annaien, 1901, 315 , 26. 

* Michaelis, Amuden, 1901, 315 , 19. 

E C.H„Me.Me.Me.BBr,==l : 2 ,• 4 : 5 . 

« Michaelis, Ber., 1894, 37 , 344 ; Michaelis and Richter, Zoc. cif. 
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neutralised with hydrochloric acid, the acid is formed, and may be 
extracted with ethei*. Evaporation of the solvent yields a fuming 
residue, B.pt. 215° to 235° C. at 17 mm., which crystallises on cooling; 
the crystals colour the flame green, and melt to a colourless liquid 
with hot water. It is soluble in the usual organic solvents and in alkalies, 
readily forming salts in the latter. 

Di“P"tolyl boric acid is only known in the form of its anhydride 
{CH 3 .CeH 4 .B) 20 , since the chloride has not been isolated in the pure 
state. This oxide is a white powder, M.pt. 78° C., easily soluble in 
organic solvents, but insoluble in water. 

Aryl Compounds of the Types RB(OH )2 and RBO. 

Phenyl boric acid, PhB(OH)gd — The magnesium compound from 
50 grams of bromobenzene in 200 c.e. of ether is saturated with the 
boron trifluoride from 52 grains of potassium borofluoride, 8 grams of 
boron trioxide, and 100 c.c. of concentrated sulphuric acid. After 
boiling for two hours under reflux, the product is ice cooled, and 
decomposed by cautiously adding 60 c.c. of water. The ether layer is 
then separated off, and the residue extracted several times with ether, 
the solvent removed, and the solid obtained boiled with 100 c.c, of 
water for one hour on the water-bath and filtered whilst Iiot, On slowly 
eoohng, pure phenyl boric acid separates in snow-w'hite bushy needles, 
several centimetres in length, Mept. 216° C. It has similar properties to 
the compound obtained by Alichaelis and Richter^ by the action of 
water on boron phenyl dibromide. When kept i7i vacuo over phos* 
phorus pentoxide it slowly changes to phenyl boron oxide. The 
isobutyl ester is a liquid, B.pt. 180° to 187° C. at 30 to 35 mm. 

p-'Chlorophenyl boric acid forms sheafs of needles, lM.pt. 275° C., 
and p-bromophenyl boric acid, needles, M.pt. 191° C. 

The following boric acids, unless otherwise stated, have been pre* 
pared by the action of water on compounds of the type .ArBXg 

o-Tolyl boric acid occurs as needles, M.pt. 160° to 161° C., easily 
soluble in alcohol or ether, but with difficulty in petroleum ether or 
water. When treated with ammoniacal silver solutions it gives a 
pale yellow’, flocculent precipitate, which soon blackens on boiling, 
silver oxide and toluene being produced : 

2C7H7B02HAgi-3H20=2C7H8+2B(0H)3i-Ag20 

With mercuric chloride, o-tolyl mercuric chloride is formed : 

)2 +HgCl 2 +H 2 O ^C^H^HgCl+HCl +B{OH )3 

m-Tolyl boric acid, M.pt. 137° to 140° C., reacts wth mercuric 
chloride, yielding m^toiyl mercuric chloride. Its isobutyl ester ^ 
CH 3 B(O.C 4 H 0 ) 2 , is a liquid, B.pt- 195° to 207° C. at 66 mm., and it may 
be prepared by the following general reaction ; — 

RMgX+B{OR') 3 ==BR(OR') 2 +R’O.MgX 
which is carried out under pressure.* 

1 Krause and Niteche, Ber., 1922, 55 , [B], 1201 j Krause, Gern^jD Patent, 371467; 
Chem. 2kntr., 1923, ii. 10^. 

* Michaeli^ 1894, 27 , 244. 

* Michadis, iMd. 

* KKotanssky and Melamed, Ber.^ 1909, 42 , 3090. 
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p-Tolyl boric acid, M.pt. 240'"'' C., yields p*tolyl mercuric chloride 
by the u.snal treatmait. An alkaline solution of potassium perman- 
j^anate oxidises the mcthvl ^Toup to carboxyl, when p-carboxy- phenyl 
boric acid is formed, IIOOC.t‘6H,j,B(OH)2, as white. j?listening, refractive 
needles, M.pt. 225' C. The crystals arc easily soluble in hot water or 
alcohol, less soluble in ether or benzene, and when heated no anhydride 
is formed. Rapid heating decomposes the compound to benzoic acid and 
uieta*borie acid r 

X'OOH 

Cgll / =C6ll5COOH-fBO(OII) 

N?(an)2 

tiiis rea<;lion l>cing similar to that of the related phosphorus deri^'ativc, 
namelv : 

XOOII 

CJI Z ^CgHsCOon +11PO3 

The reaction with mercuric chloride takes a somewhat different course 
in the ease of this compound : 

/COOH /COOH 

Cell/ +HgCl2+H20-CeH/ +HC1+B(0H)2 

\B(0H)2 ^HgCl 

'This chloromcrcuri benxoie acid is a white, crystalline powder, M.pt, 
272'’ C,, soluble in absolute alcohol and insoluble in water, di^lves in 
aqueous alkalies, but is rcprecipitated by acids. The barium salt of 
p-earboxy*phenyl boric acid. 







OH 



\ 



+H0O 



COO— Ba 



is obtained as a white precipitate by the action of barium chloride on a 
carbon dioxide-free, ammoniacal solution of the acid. It is very soluble 
in cold water, but the solubility diminishes with rise of temperature. 
,\t 2(K)*^ C. the water of crystalli.sation is not driven off, and the hydroxyl 
group lx>mKl to tlie boron atom is unaffected. 

'Two lead salts are known, both white powders, namely : 

[HO(HOPbO)BC0H4COO]2Pb and (Pb02B.C5H4C00)2Pb.2H.,0 

The silver salt, AgO.CO.CgH4,B(OH)OAg, is a white precipitate, 
easily decom}-)oscd, and yellow when dry. On heating with water it 
first becomes brown, then black, and silver oxide separates, along with 
boric and benzoic acids, or irilver benzoate. 

o-Anisyl boric acid occurs as small, glistening plates, from hot 
water, M.pt. 165® C. ; the para acid yields white tablets of the mono- 
clinic system, melting at 201° to 203° €., soluble in ether, hot alcohol, or 
benzene, less soluble in hot water. It reacts with ammoniacal silver 
solutions in the usual way, and yields p-anisylmercuric chloride with 
mercuric chloride. 

o-Phenetyl boric acid crystallises from water in small, white 
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needles, M.pt. ITl”" C. ; the para eoinpouiid in clusters of feathery, 
glistening needles, M.pt. 139® C., which are easily soluble in cold alcohol, 
ether, or hot ben?:ene. Both compounds react with mercuric chloride, 
but neither of them yields an oxide on heating, or forms salts, these 
properties being shared by the anisyl compounds. 

Benzyl boric acid, M.pt* 161° C.,i forms an hobutyl eMer, B.pt. 
189® to 196° C. at 86 mm. 

o-Xylyl boric acid^ jdelds fin^ colourless needles, M.pt- 190-5'^ C.; 
the meta acid is obtained by heating the oxide with water, its diethyl 
ester being a colourless liquid, B.pt. 160° C., formed when boron m*xylyl 
dichloride is dropped into a large excess of absolute alcohol. The para 
acid crystallises from water in feathery groups of hair-like needles, 
M.pt. 180° C., which slowly change to the oxide in the desiccator. 

a -Naphthyl boric acid^ crystallises in fine, colourless needles from 
water, sintering at 242° C. and melting at 259° C. It is easily soluble in 
ether, alcohol, hot water, with difficulty in petroleum ether or cold 
water. a-Naphthyl mercuric chloride may be isolated from the acid 
in the usual way, Whcai boiled with water, particularly in the presence 
of alkali, the add yields naphthalene and boric acid : 

CioH,B{OH),+H20=CioHs+B(OH)3 

Although the acid reddens litmus, it only forms salts with difficulty ; 
the barium and silcer salts are known, the latter reacting with water 
to produce naphthaleiie, silver oxide, and boric acid. 

jS-Naphthyl boric acid exists in two modifications. Mffien re- 
crystallised from water, colourless plates are produced, melting at 248° C. ; 
these when dissolved in a little alcohol, and the solution poured into cold 
water, ai>pear a.s the second modification, in fine needles, M.pt. 266° C. ; 
reer)‘Stallisation from hot water changes this second form back into the 
first. The latter modification acts towards alkali and mercuric chloride 
as the a-naphthyl acid. The barium salt forms pale reddish plates, 
easily soluble in hot water, and the silver salt is also known. ‘Distilla- 
tion of boron-^-naphthyl dichloride and sodium methylate under 50 mm. 
pressure leads to the formation of the methyl ester of the acid, which is an 
odourless, thick, colourless liquid, boiling at 160° to 180° C. at 50 mm. 
It fumes in air, and changes to the oxide w'hen treated with water. 

The following oxid^ are formed either by the action of water on the 
dihalides or by dehydration of tiie acid in vacuo. Those obtained by 
the first method are marked (A), by the second (B). 

Phenyl boron oxide, (A) and (B). 

o-Tolyl boron oxide, {B),is a white powder, soluble with difficulty 
in alcohol or ether, and supposed to be formed when the acid melts. 
The corresiX)nding para oxide, (B), melting at 257° to 258° C., is recon- 
verted by hot water to the acid. 

o-Xylyl boron oxide, (B), M.pt. 226° C. — The dehydration of the 
acid in this case only requires forty-eight hours, but in the case of p- 
xylyl boric acid three weeks is needed to complete the change. 

m-Xylyl boron oxide, (A), crystallises from ether in white needles, 
M.pt. 202° C,, is soluble in alcohol or benzene, but insoluble in cold water, 
A solution of the oxide in very dilute ammonium hydroxide, when treated 

^ Khotiasky and Melamed, JS®"., 1909, 43, 3090; Krause, Germaa Patent, 371467 ; 
C%tm. Zextr., 1923, li. 1(^9. 

* Michael!^ Annalm, 1901, 315, 19. * Michaelis, Rer., 1894, 27, 244, 
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with silver nitrate, <^ives a j>ale yellow precipitate of the acid sih^r salt, 
CgH,B(OH)(OAff). 

p-Xylyl boron oxide, (B), M.pt. 176° C., forms a «7re/* salt as above. 

Pseudocumyl boron oxide, (A), cr 3 ‘stallises from ether in white, 
^rlistening needles, M.pt. 211° C., insoluble in water, easily soluble in 
the usual organie solvents. 

a -Naphthyl boron oxide is a white, micro- crystalline powder, 
difficultly soluble in ether or petroleum ether, but more soluble in alcolml. 

j8 -Naphthyl boron oxide, (B), may be prepared also by the action 
of sodium ethoxidc upon boron naphtliyl dichioride : 

CioHtBCI 2 -f 2NaOEt -CioH^BO 4-2XaCl +^^0 

The oxide crystallises in line, colourless needles, M.pt. 266° C., is soluble 
in alcohol, with difficulty in ether, and insoluble in light petroleun). It 
requires prolonged boiling with water to change it back to the acid. 

Aluminium. 

Alkyl Compounds of the Type RgAL 

Aluminium trimethyl, McgAl, is a fuming liquid, spontaneously 
inflammable in air, solidifying to a cr^^stallinc mass about 0° C. It was 
no doubt obtained for the first time b}" Caliours,^ but onlj^ in small 
quantities, bj" the action of mercury dimethyl upon aluminium at 100° 
to 130° The work has been repeated,^ the same components being 
heated for several hours in a sealed tube placed in a water-bath. The 
compound obtained is then distilled over fresh aluminium, and after- 
wards distilled in hydrogen, the liquid distilling at 130° C. The 
lx>iliug-point * is 127° to 129° C., and vapour density determinations 
indicate that the substance has the simple formula, McgAL* 

Aluminium trlethyl may be prepared in a similar manner to the 
methyl com|X)und.® Aluminium triethyl is a liquid^ B.pt. 194° C. when 
distilled in hydrogen ; it does not solidify at —18° C, It is decomposed 
with explosive violence by water ; with iodine it yields ethyl iodide and 
iodine derivatives. At 284° C, the vapour density is 4-5 (theory 3-9), 
the refractive index having the value Un 1*480 at 6*5° C. 

A compound of aluminium triethyl with aluminium bromide has also 
been described, (C 2 Hg) 3 Al.AlBr 3 , but its existence seems doubtful.® 

Aluminium tripropyl J formed in the usual way at 130° C., is a 

* Cahours, Annakn, 1860, 114, 242. 

® Buckton and Odiing, Antialen^ Supp., 1865-1866, 109-113 ; Proc. Rop. Soc., 1865, 
14, 19- 

* Quincke, physiked, Chem., 1889, 3, 164. 

* See Louise and Rous, Compt. rend., 1888, 107, 601 ,* BuU. Soc. dtim., 1888, [2], 50, 
51 1 . Buckton and Odiing gave the f oUo'wing figures for the vapour density : 2 -80 at 240° C. ; 
2-80 at 220° C. ; and 2*81 at 220° G., theory requiring the value 2-5 ; the refractive index 
is 1*432 (Bleekrode, Rec. trav. cMm., 1885, 4, 80). 

* Cahours states that aluminium and ethyl iodide when heated In a sealed tube for 
24 hoora at 130° give rise to a colourless liquid, fuming in air and boiling at 340° to 350° C. 
It is found to te a double compound of aluminium Iodide and aluminium triethyl, but 
treatment with rinc ethyl deoompoaes it with the formation of zinc iodide and aluminium 
triethyl. A similar ob^rvation was made by Hallwachs and Schafarik {Annakn, 1859, 
109, 207), but these mvestigators only appear to have isolated the double compound, 

* Furetenhoff, Ckem. Zenit., 1904, i, 785. 

7 Cahours, Jahreeber., 1873, p. 518 } Ben, 1873, 6, 567 j Compi. rend., 1873, 76, 138, 
748,1383; Louise and Roux, foe. cit. >/> > 
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colouTless liquid, inflammable in air, B.pt. 248' to 252^ C. It yields 
with water, propane and aluminium hydroxide. 

Aluminium tri-isobutyl ^ is a colourless liquid, runiinif in air. 
Aluminium tri-isoamyl is a liquid, boiling about 230' C. at 80 to 
100 mm.; vapour density determinations indicate the formula to be 
AU(C,H3,i)e.2 



Aluminium Trialkyl Etherafes.^ 

Aluminium triethyl-etherate, 4AlEtg, SEt.^O, may be obtained 
in several ways, namely : 

E By the action of ethyl bromide on an alloy of magnesium and 
aluminium in the presence of dry ether. The alloy contains 15*16 per 
cent, of alumhiium, 0*24 per cent, of silicon, and traces of iron ancl 
calcium. The reaction mixture is cooled, and the ethyl bromide added 
in small portions, as the reaction is vigorous. After completion, the 
ether is distilled off and the residue distilled in nitrogen under reduced 
pressure, namel}^ at 140'^ to 180° C. at 14 to IG mm. 

2 . From aluminium triethjd and anhydrous ether, 

3. In quantitative yield from ethyl magnesium bromide and anhy- 
drous aluminium chloride- 

The etherate is a colourless, mobile liquid, B.pt- 1 12° C. at 16 mm„ 
and is stable in® a sealed tube, even when exposed to light. It reacts 
with explosive violence with water, but is not spontaneously inflammable 
in air, although it undergoes rapid decomposition. At atmospheric 
pressure its boiling-point is 216° to 218° C., slight decomposition taking 
place- 4‘he following physical constants have been determined : 
B.pt. 110-5° C. at 13‘5 mm- ; dciisitv at 17-4° C., 0-8200 ; nua 1-43433 ; 
no 1--13700 ; nH,v 1-44349 ; Hh, 1-44884 at 17-4° C. 

Aluminium trimethyl etherate, B.pt. 68° C. at 15 mm., tends to 
be spontaneously inflammable. 

Aluminium tripropyl etherate, B.pt. 135° C. at 18 mm., fumes 
strongly in air. 

Alkyl Compou7ids of the Types RAlXg. 

Aluminium powder and dry ethyl iodide, free from alcohol, react in a 
nitrogen atmosphere to give a mixture of these types of compounds. In 
air, the compounds are spontaneously inflammable, but the etherates do 
not exhibit this property.^ Aluminium diethyl iodide is a clear, mobile 
liquid,B.pt. 118° to 120°C- at4 to 5 mm., density 1-609 at27° C. Alumin- 
ium ethyl di-iodide has M-pt- 35° to 37° C., B-pt. 158° to 160° C- at 
4 mm- "When its ethereal solution is treated with benzoyl chloride, aa- 
dibenzoylethane, a little propiophenone and ethane are formed-® Acetone 
and acetophenone with aluminium ethyl or isoamyl iodides yield mesityl 
oxide and triphenylbenzene respectively.® The following emnpoui^ 
have also been obtained : AUl 3 (NH 2 ) 3 -Et 20 , from aluminium ethyl 
iodide and ammonia ; Al 2 l 3 (NHEt) 3 -Et 20 , from aluminium propyl 

1 Cahours, Com^, rend., 1873. 77 , 1403. 

® Loutoe and Roux, Joe. cU. 

® Krause and Wendt, Ber., 1923, 56 , [B], 436. 

* Gr%imrd and Jenkins, Compi. rend., IJ^, I79» 89. 

® Leone, Atii. B. Aecad. Lineei, 1925, ivi-h l, 443- 

* Xieone and feraicx>vje, AtU. S. Accad. X»»eei, 1924, [v-1, 33» 567- 
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iodide and ethylaniine ; Al2l3(N!VIeo'lis.Et20, from aluminium propyl 
iodide and dimethylainine ; Al2ls(NHPli)3.Et30, from aluminium 
ethyl iodide and aniline. All these compounds are white, crystalline 
powders, decomposed by moisture with ei'olntion of ammonia. 



Aluminium Compoiuuh Jrom Methylene Iodide. 

When aluminium and inetlndeiie iodide arc allowed to stand for a 
considerable period, a reaction takes place and the mixture solidifies. 
The compound is white, crystalline, and liiy:hly reactive.^ If the 
reaction is allowed to take {)laee in anhydrous ether, the alnnimium 
dissolves, a heai'y liquid is obtained, and etlndene evolved. The re- 
action is represented as takin^f place as follows : — 

3CH2I2 +4A1=^3CH. : AH +AII3 
GCH 21 2 +4 A1 =80,114 +4A11 3 

With methylene bromide a similar compound is obtained, but the 
reaction is .slower and less ethylene is evolved. The compounds yield 
additive products with iodine, CH2l.AIBrI, and the latter when decom- 
posed by water gives methyl iodide : ^ 

CHjI.AlBrl -f H2O =CH3l +AlBrI.OII. ^ 



Aryl Compounds of the Type R3AI. 

Aluminium triphenyl, PhaAl.^— -Five grams of mercury diphenyl 
and 1 gram (4 mols.) of ahiminimii sheet cut into small pieces are 
heated in complete absence of air and moisture in a stream of hydrogen 
or nitrogen. At 140^ €. the reaction takes place with considerable 
e\‘olution of hefit and goes quantitatively to completion in ten to 
fifteen seconds. The reaction mass contains some metallic mercury, 
amalgamated aluminium, and a faint yellow, viscous product, which 
crystallises on standing. It is washed with dry ether, hi w*hich the 
bulk dis.solvcs lea\'ing a small residue which is filtered off, and the 
ether i.s then removed in vacuo. The product thus obtained as fine, 
white needles, Mq)t. 112° to 113° C., contains 1 mol. of ether of 
crystallisation (PligAlEtoO) ; this on removal by heat gives pure 
aluminium triphenyl, M.pt. 196° to 200° C. In compact masses the 
decomposition by air is slow, but dry air passed through the ethereal 
solution produces a white, amorphous precipitate, probably phenyl 
aluminium oxide (PliAlO). With water the compound inflames, alumi- 
nium hydroxide, benzene, and diphenyl being formed. Its addition 
compound with ether is only stable in perfectly dry solvents. Alumi- 
nium triphenyl reacts with alcohol with evolution of heat, but the 
compound produced does not appear to be the alcoholate, but an 
infusible compound, wliich yields some benzene and a strong smell of 
phenol on treatment with water. 

Condensation products formal by acetone and chloroform do not 
appear to have been very tlroroughly investigated, but iodine decomposes 
aluminium triphenyl, yielding aluminium iodide and iodobenzene. 

^ Thomas, Compt. rend., 1922, 174 , 464. 

* Faillebln, Compt. rend., 1922, 174 , 112. 

* Hilpert and Qrhttner, Ber., 1912, 45 , 2828. 
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INDIU.M.^ 

Indium diphenyl chloride. — Indium trichlorido ’ 1‘rom I-IO ;;rram.s 
of metallic mdiuni, and 10-77 jframs of mercury dij)hen}’l (3 mols. ) 
are boiled with 50 c.c. of xylene for thirty-seven hours. After filtering?, 
the residue mostlj’’ melts at 245’ to 250’ C., but a portion does not melt 
at 295° C. The mass is extracted in a Soxhlet apparatus with drj" 
benzene to remove an)" mercury compounds, and the residue in the 
thimble {0-647 gram) is organic and found to be indium diphenyl chloride. 
It is a crystalline, cream-coloured powder, insoluble in the usual organic 
solvents, and does not melt at 350° C- 

Indium phenyl oxide. — Metallic indium (1-5 grams) and 2-25 
grams of mercury dij)hcnyl arc heated at 270° C. in a nitrogen atmosphere 
for thirty minutes, the operation being carried out at a pressure of 
17-2 mm. After cooling, the product is extracted with dry ether and 
the solvent allowed to evaporate spontaneously. An oil ranains which 
solidifies on the addition of light petroleum. This is taken up in ether 
and reprecipitated with light petroleum, when a cream-coloured organic 
compound is obtained. It does not melt at 290° C., and its composition 
corresponds to CeHglnO.IiijOg. It is insoluble in cold benzene, and 
only sparingly soluble in, cold glacial acetic acid. 



Thallium. 

Alkyl Derivailves of the Type R/riX. 

Thallium dimethyl chloride, is prepared by dissolv- 

ing the sulph)'drate in acetic acid, and after boiling to expel the 
hydrogen sulphide, dilute hydrochloric acid is added. On cooling, the 
chloride separates in glistening, white, sliimincring plates, wliich do not 
decompose at 280° C.® 

Thallium dimethyl bromide may be obtained by the interaction 
of magnesium methyl bromide and tliallic chloride, and crystallises 
from dilute ammonia containing sodium liromide in white, silver, 
glistening plates, which do not melt at 275° C. \Vlien treated with 
sih'er fluoride it yields thallium dimethyl fluoride, which de- 
composes above C. It forms a hydrate containing 12 mols. 

of water 

Thallium dimethyl iodide. — This compound is obtained® by 
treating the mother-liqnors from the above bromide with potassium 
iodide, the decomposition temperature of the product being given as 
264° to 266° C. It may also be prepared by the action of magnesium 
methyl iodide on thallic chloride. Obtained in this manner it only shows 

^ Goddard, unpublished. 

® In order to prepare this salt, metallin indium Is placed In a |)orc 5 olain boat In a csom- 
bustion tube into which chlorine is passed, the otk>r end of the tube being protected from 
moisture by means of a calcium chloride tube. When all the air has been displaced, the 
tube Is carefully heated, the indium burning with a |^e blue flame, and the trichloride 
subliming in white cryst^ along the tube. After cooling, the chlorine is replaced by 
nitrogen and the chloride washed into a flask with dry ether. 

® Meyer and Bertheim, Bfer., 1904, 37> ^Sl* 

* Krause and Qrcm&, 3$r„ 1925, 58 , [B], 272. 

® Meyer and Berthaim, he. cU. 
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slight decomposition at 205'’" C., and does not melt at 300 ^ C.^ The 
reaction takes place according to the equation : 

TIC]3-r2MgRI=TlR2l -f MgCla -rMgClI 

The iodide crystallises from hot water or dilute ammonium hydroxide 
in shining silvery })lates, which are only slightly soluble in alcohol or 
acetone, and insoluble in ether or light petroleum. 

Thallium dimethyl hydrosulphide. — AVlien an excess of yellow 
ammonium sulphide is added to an ammoniacal solution of thallium 
dimethyl bromide, a white precipitate of the hydrosulphide separates. 
This is washed with hydrogen sulphide water to purify it, but it tends to 
form a colloidal .solution, which is difficult to filter. When dry it de- 
composes with explosion on heating or in contact with fuming nitric 
acid. It dissolves in dilute nitric acid, with the separation of sulphur; 
and in dilute siiljdmrie or acetic acid, with the evolution of hydrogen 
sulphide. 

Thallium dimethyl carbonate. — This compound crystallises in 
large, hexagonal plates from the solution occurring from the interaction 
of thallium dimethyl iodide and silver oxide, after boiling and evaporat- 
ing in air, the hydroxide formed during the reaction absorbing carbon 
dioxide. It i.s \-’cry soluble in water, moderately so in alcohol or acetone, 
and slightly soluble in ether. By treatment with mineral acids carbon 
dioxide is evolved and salts are formed. 

Thallium dimethyl nitrate is formed when silver nitrate and 
thallium dimethyl iodicle are boiled together in aqueous solution. The 
salt does not melt at 300° C. and crystallises from alcohol in shining, 
white plates, which are soluble in water and acetone, but less soluble in 
ether. 

Thallium dimethyl chromate is prepared as above, u.sing silver 
chromate, and forms brilliant yellow plates from water, these decom- 
jx)shig at 255° C, without melting. The chromate is very soluble 
in water, alcohol, or acetone, and dissolves slightly in ether or light 
petroleum, 

The following methyl compounds ha\‘e been prepared by treating 
thallium dimethyl iodide with silver oxide, boiling the mixture until all 
the thallium compound has dissolved, and then adding to the solution of 
thallium dimethyl hj’droxide thus obtained, the nitrophenoi or nitro- 
eresol, and evaporating the whole until crystals appear.^ 

Thallium diiriethyl o-nitrophenoxide crystallise from water 
in brick-red needles, which melt at 237° C. It is easily soluble in warm 
alcohol or pyridine, moderately soluble in acetone, chloroform, or 
toluene, slightly soluble in ether or carbon tetrachloride, and insoluble in 
light petroleum. 

Thallium dimethyl m-nitrophenoxide is isolated both as the 
acid and normal salt. The former has’ the formula, CgHioOgNTl. 
CgH^OgN, and crystallises from water in brilliant red cubes, which soften 
at 150° C., and melt to a clear red liquid at 159° C. The normal com- 
pound, however, crystallises in yellowish-orange plates, which melt to a 
red liquid at 202° C., the latter decomposing oh boiling. This form may 
also be derived from the acid variety by treatment with alcohol or 
ether. It is soluble in cold pyridine, acetone or warm alcohol, moder- 

* Goddard, Trane. Chem. Soc., 1921, iig, 672. 

* Goddard, ibid., 1310, 
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ately soluble in ether, toluene, or chloroform, and insoluhle in carbon 
tetrachloride or li"ht petroleum. 

Thallium dimethyl p-nitrophenoxide crystallises from alcohol 
in yellow plates, n'hieh darken at 273° C. and e.vplode violently at 275® C. 
It is easily soluble in cold pyridine, moderately soluble in alcohol or 
acetone, and insoluble in other organic solvents. 

Thallium dimethyl 4 : 6-dinitrO“2-'aminophenoxide. — This 
comjDOund, which is obtained by the use of picrarnic acid, crystallises 
from water in small, deep recldish-^iolet plates, darkening at 220® C. and 
melting with decomposition at 236® C, It is easily soluble in alcohol, 
acetone, or pyridine, moderately soluble in ether, and insoluble in 
chloroform, carbon tetrachloride, toluene, or light petroleum. 

Thallium dimethyl S-nitro-'O-tolyloxide crystallises in deep red 
plates, which have a blown reflex, and melt to a deep red liquid at 186-5® 
C. The salt is readily soluble in cold pyridine, warm alcohol, acetone, 
ether, toluene, or chloroform, moderately soluble in carbon tetrachloride, 
and slightly soluble in light petroleum. The colour of all these solutions 
is red, dilution not completely destropng the red tone. 

Thallium dimethyl acetate is formed when thallium dimethyl 
hydroxide solution is treated with acetic acid, the concentrated solution 
yielding elongated plates, M.pt. 293° C. The acetate is very soluble in 
water, alcohol, or acetone, less soluble in ether or petroleum. 

Thallium diethyl chloride, — This derivative was first obtained 
by the action of zinc diethyl on thallic chloride. ^ Hansen stated that 
his compound was soluble in hot water, alcohol, and ether, crystallised 
in silky, glistening crystals, which remained unmclted at 225° C., aanl 
decomposed with explosion on sudden heating, forming thallous chloride 
and a gas. The specimen obtained by Hartwig “ was scarcely soluble in 
ether, and when heated in the dry state in a paraffin bath to 190° C, 
decomposed with slight explosion, an inflammable gas being evolval. 
Another preparation ® from the interaction of magnesium ethyl chloride 
and thallic chloride was stated to decompose at 205° to 206° C,, and to he 
more difficultly soluble than tiie methyl compound . The present author, 
however, from his observations of these thallium compounds, is in- 
clined to believe that this chloride does not melt even at 300° C. 

Thallium diethyl fluoride decomposes above 170° C. and forms 
a hydrate crystallising in plates. 

Thallium diethyl bromide is easily isolated from magnesium ethyl 
bromide and thallic chloride ; its solubility falls between that of the 
chloride and iodide, and it remains unmelted at 300° C. 

Thallium diethyl iodide crj'-stallises from water in white plates 
when quite pure, and investigators differ regarding its temperature of 
decomposition."* It may be prepared from the corresponding chloride or 
bromide by the addition of potassium iodide to their aqueous solutions, 
or by the interaction of tijallium diethyl sulphate and barium iodide, 
also by use of the Grignard reagent. It is difficultly soluble in water, 
alcohol, or ammonia, but may easily be recrystallised from pyridine. 

Thallium diethyl hydroxide. — All the above halide compounds 
when boiled with silver oxide give a solution of the hydroxide, and when 

^ Hansen, J3er», 1870, 3, 9 ; Hartwig, ibid., 1874, 7, 298. 

^ Hartwig, Annakn, 1875, 176, 257. 

3 Meyer and Bertheim, Ber., 1904, 37, 2©5l. 

* Hartwig gives 195“ <1 t Meyer and Jtertlieim, 185° to 187° C. ; Goddard, above 300° C. 
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iiiakiu£r suits such a soliitiou may bo used, since it is not necessary to 
isolate the solid liVdroxido. This, however, may he accomplished as 
follows r iri trrams of thallhim diethyl iodide ure dissolved in 300 c.c. 
of boilino water, ami the stiver oxide deri\‘cd from 20 ijrams' of sih*er 
nitrate added, whilst the whole is kept benlin;; by leadiiiff in steam until 
a test portion of tlio filtrate is halo^ren-free. The liquid is then filtered 
in carbon dir»xide-free air, and evtqmrated to a small bulk in a stream of 
hydroj,^cu. After cooling' in the jjjas stream, a white, crystalline mass 
appears, and this i.s dried in vacuo over phosphorus pentoxide and soda 
lime. The base thus obtained melts at 1 27' to 123'^ €., is very soluble in 
water and alcohcd, the solutions ttctiiuj: strongly alkaline towards litmus, 
uml ra])it{h‘ absorbimz carbon dioxide from the atmosphere. It explodes 
in eoiitaet with fuming nitric acid, preci{)itates the hydroxides of metals 
from tlieir a<juenus sedations, and yields salts when treated with acids 
or compounds eontuiniiuf acid groupings. 

Thallium diethyl hydrosulphide is prepared in a like manner to 
the dimethyl ecjiupouud and ])ossesses similar properties. 

Thallium diethyl carbonate.-- When the correspoudiiig bromide 
or iodide is boiled with silver oxide m a<pieous solution, and the filtrate 
evaporated in the presence of air, the carbonate is deposited in glistening 
needles, which decompose at 201* €'. The salt may be reerystaUised 
from alcohol, or preeqdtated from alcoholic solution by ether, and it is 
less sohible in hot w’ater than in cold. Its solutions show an alkaline 
reaction, and when treated with acids, salts are formed with the evolu- 
tion of carbon dioxide. 

Thallium diethyl hydrogen carbonate.— -When the 'abo^’c salt 
is dissolved in water and the solution saturated with carbon dioxide-, 
the addition of alcohol prcci])itates the hydrogen carbonate as a white, 
crystalline [lowder. This in solution reacts feebly alkaline, but if the 
solution be e\‘aporated by heating, the normal salt is again formed. 

Thallium diethyl nitrite.* — A suspension of thallium diethyl 
iodide in acetone is shaken with the ealcnlatcd amount of silver nitrite 
for one hour, and allowed to stand o\'emight. After filtration, the 
acetone solution is e\‘aporatcd, the nitrite crystallising in large trans- 
parent plates, which remain unmelted at 200® C. It is also completcl)' 
soluble in hot pyritiine, but insoluble in otiier organic solvents. 

Thallium diethyl nitrate.— When the aqueous solution derived 
from tfie interaction of thallium diethyl chloride and silver nitrate is 
concentrated, white plates are deposited. This compound, which is 
the nitrate, is said by Ilartwig to explode at 230“ C., but this seems 
doubtful, eou.sidering that the nitrite does not decompose at 300“ C. The 
compound is moderately soluble in water, with difficulty in alcohol, and 
insoluble in ether. 

Thallium diethyl sulphate may be prepared by the same method as 
the nitrate, and crystallises in plates or needles, which are stated to 
explode alx>ve 205“ V. It is soluble in winter, ether, or alcohol. 

Thallium diethyl phosphate cry^stallises in needles, exploding at 
180“ C. and easily s-oiuble in water and alcohol, slightly soluble in ether. 

Thallium diethyl chromate is deposited from aqueous .solution in 
brilliant y^ellow plates, which are also very soluble in alcohol, but less so 
in ether. The chromate decomposes with violent explosion at 193° C. 

Thallium diethyl thiocyanate fonns small, colourless plates, 

* Goddard, Tram. Chetn. Sor., 1922, izi, 37. 
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which are readily soluble in or alcohol, l>ut only sli<rhtly s<j in 

ether. The compound is quite stable up to C. 

Whilst the foregoing eompoinid.s were prepared by the action of 
silver salts on thallium diethyl halides, those now to be described 
were obtained by direct action of acid comj)onnds on thallium dietli>i 
hydroxide solutions.^ 

Thallium diethyl acetate crystallises in short white needles, M.pt. 
232° to 233° C., and has a similar .solubility to the corresponding methyl 
compound. Hartwig described an acetate which slightly blackened at 
212° C., and distilled unchanged at 24.5° C. 

Thallium diethyl trichloroacetate forms white, crystalline plates, 
which do not melt at 300° C. The salt is \*ery soluble in water, alcohol, 
or acetone, but less so in light petroleum. 

Thallium diethyl propionate, M.pt. 228° to 229° C., occurs in fine, 
short needles, completely soluble in hot alcohol, ethyl acetate, toluene, 
or acetone, in cold i^yridine or cliloroform, moderately soluble in hot 
ether or carlxni tetrachloride, and slightly soluble in light petroleum. 

Thallium diethyl valerate yields small needles, Al.pt. 215° C., 
which are completely soluble in cold alcohol, ether, pyridine, chloroform, 
or hot carbon tetrachloride, moderately soluble in cold toluene, acetone, 
or ethyl acetate, and insoluble in light petroleum. 

Thallium diethyl n-hexoate forms transparent needles, half an 
inch in length, .softening at 182° 0. and melting at 190° C. ; except 
for its solubility in light petroleum, it agrees in all respects with the 
valerate- 

Thallium diethyl n-octoate occurs as long, transparent needles, 
M.pt- 159° C,, which exhibit similar solubility to the hexoate- 

Thallium diethyl lactate crystallises in small plates from alcohol, 
which decompose suddenly without melting at 207-5° C- The salt is 
soluble in cold water, acetone, or ahiohol, and easily soluble in boiling 
chloroform, toluene, or ethyl acetate- 

Thallium diethyl p-nitrobenzoate yields microscopic needles, 
M.pt. 213° C., which are completely soluble in cold 2)yridine, moderately 
soluble in alcohol or chloroform, slightly soluble in carbon tetrachloride, 
toluene, ethyl acetate, or acetone, and insoluble in ether or liglit petro- 
leum. 

Thallium diethyl p-iodobenzoate forms small white needles, 
decomposing with slight explosion at 220“ C. and having a similar 
solubility to the pmitrobenzoate. 

Thallium diethyl m-bromobenzoate yields small, white needles, 
which decompose with considerable gas evolution at 220° C., and with 
the exception of its insolubility in acetone, the compound resembles 
the nitrobenzoate. 

Thallium diethyl o-nitrophenoxide softens at 200° C. and melts 
with decomposition at 210° C-, crystallises from water in brilliant scarlet 
plates which are soluble in cold alcohol, ether, chloroform, acetone, or 
boiling toluene, and are insoluble in light petroleum. 

Thallium diethyl m-nitrophenoxide forms brownish-orange, 
oblong plates, M.pt. 196° C-- after darkening at 194° C, The wmjKvund 
is less soluble in the above-named solvents than the ortlio derivative. 

Thallium diethyl p-nitrophenoxide crystallises from wato in 
lemon*yellow, rhomboidal plate®, darkaiing at 238° C. and melting at 
^ Goddard, Tram, Chem, Boc,^ 1922, 121 , 3d. 
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238'' C. It is less soluble in water than the ortho- and mcta-compounds, 
only moderately soluble in aleolioh aeetone, or chloroform, less soluble 
in ether, and insoluble in hoiliii/| toluene or light petroleum. 

Thallium diethyl 2 : 4-dinitrophenoxide forms brownish-orange, 
crystalline plates, M.pt. 1 74® V.. The salt is easily soluble in'hot pyridine, 
moderately s'oluhle in alcohol, acetone, or ether, slightly soluble in 
ehlorotbnn or toluene, and insoluble in carbon tetrachloride or light 
petroleum. 

Thallium diethyl 2 : 6-dinitrophenoxide forms deep orange 
plates, sintering at 182° C. and melting with decomposition at 190° C. 
The salt is completely soluble in cold alcohol, ether, or acetone, giWng 
yellow solutions in pyridine, ethyl acetate, ehlorofonn, or hot toluene, 
fairly soluble in carbon tetrachloride, and insoluble in light petroleum.^ 

Thallium diethyl 2 : 4 : 6-trinitrophenoxide crystallises from 
water in goldeii-}*cllow, oblong plates, which darken at 200° C. and 
melt with decomposition at 204° C. The salt is very soluble in water or 
cold alcohol, etlier, elilorofonn, or acetone, moderatcl)'- .solul)lein boiling 
toluene, and insoluble in light petroleum. 

Thallium diethyl 4 : 6-dinitro-2-aminophenoxide gives small, 
carmine-rod plates, which have a metallic lustre and explode violently 
when moistened with fuming nitric acid. The salt darkens at 140° C., 
melts with decomposition at 159° €., and is moderately soluble in alcohol, 
acetone, or pyridine, slightly soluble in chloroform, ether, or toluene, 
and insolulde in carlwii tetrachloride or light petroleum. 

Thallium diethyl hexanitrodiphenylamine crystallises in bril- 
liant carmine plates, having a violet reflex, M.pt. 224° €. It is sohible in 
cold alcohol, acetone, other, pyridine or ethyl acetate, and insoluble in 
toluene, light petroleum, chloroform, or carbon tetrachloride. 

Thallium diethyl 4-nitrosophenoxide. — ^Tliis salt is only isolated 
in the form of its acid salt, CioHi 402 XTl.CgH 402 K. From water it is 
deposited in blue-black needles having a violet reflex, these crystals being 
completely soluble in pyridine , slightly soluble in acetone or alcohol, 
giving a brown, solution in the latter, and insoluble in other organic 
solvents. 

Thallium diethyl 3-nitro-o-tolyloxide crystallises in deep red 
plates having a green reflex, M,pt. 190° to 191° C., and is easily soluble in 
cold alcohol, ether, chloroform, pyridine, or boiling toluene, moderately 
soluble in water or hot carbon tetrachloride, and slightly soluble in light 
petrolann. 

Thallium diethyl 4-nitro-m-tolyloxide gives pale red plates, 
darkening at 220° C, and exploding \dolently at 228° C. Tire salt is 
moderately soluble in alcohol, ether, or pyridine, slightly soluble in 
toluene, chloroform, or carbon tetrachloride, and insoluble in light 
petroleum. 

Thallium diethyl 6-nitro-m-tolyloxide, obtained in small 
lemon-yellow plates, darkens at 210° C., and melts with decomposition 
at 210-5° C, It is easily soluble in cold pyridine, hot alcohol, or acetone, 
slightly soluble hi ether or chloroform, and insoluble in carbon tetra- 
chloride, toluene, or light petroleum. 

Thallium diethyl 3-nitro-p-tolyloxide is deposited from aqueous 
solution in small, ruby-red, rliomboidai plates, having a green lustre. 
It softens at 200° C. and melts at 206° C., is easily .soluble in hot 
^ Goddard, Trans. Chem. 8ac., 1923, 123, 1167. 
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pyridine, moderately soluble in ehloroform or toluene, slightly soluble 
in alcohol, ether, acetone, or carbon tetrachloride, and insoluble iu 
light petroleum. 

Thallium diethyl S-nitro-o-tolyloxide. — This derivative is 
obtained in the form of its acid salt, CuHisOaNTLC-HyOjX, which 
.softens at 165° C. and melts to a rod liquid at 181-5^ C. The .salt 
crystallises in broWnish-yellow plates, which are easily soluble in cold 
water, pyridine, warm alcohol, or acetone, moderately scjluble in ether 
or chloroform, slightly soluble in toluene, and insoluble in carbon tetra- 
chloride or light petroleum. 

Thallium diethyl dinitro-o-tolyloxide crystallises in terra cotta 
plates, which blacken at 215° C, and explode with great \'ioIence at 
219° C- It is completely soluble hi cold pyridine or hot alcohol, ethyl 
acetate or acetone (giving yellow .solutions in the two latter), moder* 
ately soluble in toluene, ether, or chlorofomi, and insoluble in carlKin 
tetrachloride or light petroleum. 

Thallium diethyl trinitro-m-tolyloxide forms brilliant, yellow 
needles, which sinter at 203° C, and decompose with gas evolution at 
214° C. This compound has a similar solubility to the above dinitro 
derivative. 

Thallium diethyl dinitro-jS-naphthoxide crystallises in dull, 
greenish-yellow, microscopic, flat-ended blades which decompose at 
208° C. The salt is completely soluble in pyridine or acetone, moder- 
ately soluble in alcohol, giving a reddish-yellow solution, slightly soluble 
in chloroform, ethyl acetate, or ether, becoming bright yellow in the 
latter, and insoluble in carbon tetrachloride, toluene, or light petroleum. 

Thallium diethyl trinitro-a-naphthoxide is deposited in orange 
plates from aqueous solution, these sintering at 213° C. and melting with 
decomposition at 220° C. It is completely soluble in cold p\Tidine or 
acetone and hot ethyl acetate, moderately soluble in alcohol or ether, 
less so in chloroform or toluene, and insoluble in light petroleum or 
carbon tetrachloride. 

Thallium diethyl a-nitroso-jS-naphthoxide crystallises from 
alcoholic solution in deep green needles which melt wth dec-omposition 
at 217° C, It is insoluble in light petroleum, and completely soluble in 
all other organic solvents, gi^’ing green solutions in alcohol or carbon 
tetrachloride, and biown solutions in other solvents. 

Thallium diethyl 2:4- dinitronaphthoxide - 7 - sulphonate is 
obtained in pale orange needles which darken at 217° C,, but do not 
melt at 280° C. These crystals contain 2 mo Is. of water of crystal- 
lisation, and are completely soluble in cold acetone or warm pyridine, 
moderately soluble in alcohol, slightly in carbon tetrachloride, and in- 
soluble in other organic solvents, the colour deepening in toluene. 

Thallium dipropyl chloride is obtained by the action of magnesium 
n-propyl chloride on thallic chloride, the yield being 70 to 80 per cent, of 
the theory. The compound crystallises from dilute aqueous eunmonia 
in glistening silver plates which decompose at 198° to 202° C. The 
bmmide and iodide {M,pt. 183° to 185° C.) are isolated in the usual 
manner, and the kydkmidphide is more easily obtained than in the 
methyl and ethyl series. 

Thallium dipropyl hydroxide is prepared as for the corr^ponding 
ethyl compound, but is only obtained as an oil, which does not siolidify, 
and has not been analysed. 

VOL. XI. : I. 
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Thallium di-isopropyl chloride decomposes at 150° C., and its 
nitrate is sparingly soluble in water. 

Thallium di-n-butyl fluoride ^ is obtained from the corresponding 
bromide by treatment with silver fluoride. It forms colourless needles, 
decomposing at 220° to 240° C. when rapidly heated. In alcohols or 
water it is readily soluble, sparingly in ether. When treated in aqueous 
solution with dilute hydrochloric acid, the chloride is obtained. This 
crystallises from pyridine in thick plates, from n-propyl alcohol in thin, 
colourless plates. It is sparingly soluble in water, and practically in- 
soluble in ether. When rapidly heated to 240° or 250° C. it e:^plodes. 
The bromide crystallises in plates from pyridine or alcohols, is sparingly 
soluble in water and explodes at 240° to 250° C. The iodide lorins 
plates which explode on rapid heating, but when slowly heated decom- 
pose at 220° to 225° C., becoming first brown, then yellow. It is decom- 
posed by nitric acid with the separation of iodine. The sulphate is 
obtained from the carbonate, the latter being formed by the action of 
sodium carbonate on the fluoride. The sulphate crystallises in plates 
or needles, M.pt. 156° to 158° C., when placed in a bath pretiously heated 
to 150° C. It explodes at 190° to 200° C. when rapidly heated. The 
nitrate forms thick plates from pyridine, and small needles from alcohols, 
which explode at 280° to 290° C. 

Thallium di-isobutyl chloride crystallises from hot alcohol, 
pyridine, or benzene, asw^ell as cold ether, in long, glistening, colourless 
needles. The corresponding nitrate is a difficultly soluble, crystalline 
precipitate. 

Thallium di-isoamyl chloride explodes at 253° to 257° C., and the 
fluoride melts at 216° to 218° C. with decomposition. They have similar 
properties to the n-butyl compounds. 

Thallium di-sec-butyl chloride explodes at about 1.50° C. and 
crystallises in colourless needles or plates, the form depending on the 
solvent used. The nitrate crystallises in plates. 

Aryl Compounds of the Type R.TIX. 

Thallium diphenyl chloride — Sufficient dry ether is added to 5 
grams of triphenylbismuthine to effect solution, followed by 3‘54 grams 
of thallic chloride in the same solvent. A white precipitate is 
immediately thrown down, and this is extracted with aeetonc until 
free from diphenylchlorobismu thine. The product after boiling with 
glacial acetic acid is recrystallised several times from pyridine. It is 
thus obtained in colourless, microscopic needles, which do not melt 
at 300° C., and are slightly soluble in boiling glacial acetic acid, alcohol, 
ethyl acetate, or chloroform, and insoluble in ether, acetone, or light 
petroleum. 

The same product may also be isolated by the interaction of mercury 
diphenyl (1 mol.) and thallic chloride (1 mol.) in dry ether. In this 
case, any mercury phenyl chloride which may be formed is removed 
by extraction with benzene, then further purification is carrie.d out as 
above. 

Thallium diphenyl bromide — 10-3 grams of thallic chloride in 

1 Krause and Grosse, 5er., 1926, 58, [B], 1933. 

2 Goddard, Trans. Ohem. 80 c., 1922, 121, 266. 

® Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 257. 
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dry ether are slowly added to a solution of 23-8 grams of broinobenzene 
and 3-2 grams of magnesium ribbon in the same solvent. The mixture 
is cooled in ice during the operation, and after the reaction has subsided 
the whole is heated on the water*bath for half an hour, cooled, and 
decomposed with water. After filtering, the dried residue is extracted 
with pyridine, when transparent, microscopic needles are obtained which 
do not melt at 300° C. These are further purified as in the case of the 
chloride, and are insoluble in alcohol, chloroform, ben 2 ;ene, acetone, 
light petroleum, acetic acid, or ethyl acetate. 

T\\c. fluoride melts at 305° to 310° C. with decomposition ; it is easily 
soluble in hot water, insoluble in ether. 

Thallium di-o-tolyl chloride. — This compound is prepared by 
the action of thallic chloride on magnesium o-tolyl bromide, then boiling 
the product obtained with dilute hydrochloric acid. It crystallises from 
pyridine in slender, microscopic needles, which do not melt at 300° C. 
and are insoluble in all organic solvents. 

Thallium di-p-tolyl chloride is isolated from the interaction of 
tri-'p*tolylbismuthine and thallic chloride. It crystallises from pyridine 
in small, transparent needles, which remain nnmelted at 300° C. and are 
slightly soluble in alcohol or acetone, and insoluble in chloroform, light 
petroleum, toluene, or alcoholic ammonia. 

Thallium di-p-tolyl bromide is prepared as in the case of the 
corresponding phenyl compound. It forms pale yellow needles, which 
do not melt at 300° C. and are insoluble in all organic solvents with the 
exception of pyridine. 

Thallium di -a -naphthyl chloride is a white, crystalline powder, 
unmelted at 300° C. and obtained from tri-a-naphthylblsmu thine and 
thallic chloride. It is fairly soluble in hot pyridine, slightly soluble in 
glacial acetic acid, ethyl acetate, chloroform, or alcohol, and insoluble 
in ether, acetone, benzene, or carbon tetrachloride. 

Thallium di -a -naphthyl bromide, prepared from magnesium 
amaphthyl bromide and thallic chloride, is a fawn, crystalline powder, 
melting at 272° C. and is completely soluble in cold pyridine, insoluble 
in toluene. 

Thallium di -cyclohexyl chloride ^ crystallises in long, colourless 
needles, exploding at 210° to 230° C., is soluble in warm alcohol or 
benzene, insoluble in hot water or warm ether. 

Thallium diphenyl oxide — The chloride {4-5 grams) and 20 
grams of potassium hydroxide, in a mixture of 30 c.c. of absolute alcohol 
and 20 c.c. of water, are heated under reflux for eight hours. The whole 
is then poured into water, the white fiocculent mass thus obtained 
being washed free from potassium hydroxide. The oxide is a white, 
crystalline powder, unmelted at 300° C., and is completely soluble 
in pyiidine, slightly soluble in alcohol, chloroform, or water, and in* 
soluble in acetone, xylene, carbon tetrachloride, light petroleum, or 
ethyl acetate. 

Thallium diphenyl nitrite ® is obtained by boiling together 
thallium diphenyl bromide and silver nitrite in xylene solution for two 
and a half hours. The nitrite is deposited from pyridine in short, trans- 
parent needles, completely soluble in hot pyridine, slightly soluble in 

^ Krause and Grosse, he. cit. 

® Goddard and Goddard, Trans, Chem. Soc., 1922, 121 , 486. 

® Goddard and Goddard, ibid., 487. 
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chloroform or alcohol, very slightly soluble m acetone, and insoluble in 
other organic solvents. 

Thallium diphenyl nitrate has a similar crystalline form to the 
nitrite, is completely soluble in hot pyridine, very slightly soluble in 
boiling glacial acetic acid, water, or alcohol, and insoluble in other 
organic solvents. 

Thallium diphenyl chromate crystallises from xjdene in pale 
yellow, short needles which are completely soluble in pyridine and 
boiling glacial acetic acid, slightly soluble in acetone, and insoluble in 
water and other organic solvents. 

Thallium diphenyl pyrophosphate crystallises from pyridine- 
ether solution in short, microscopic needles which are complctclj'' 
soluble in pyridine, moderately soluble in boiling glacial acetic acid, 
less soluble in alcohol, ethyl acetate, or chloroform, and insoluble in 
acetone, ether, carbon tetrachloride, or light petroleum. 

Thallium diphenyl acetate is obtained by treating the oxide with 
boiling glacial acetic acid, the evaporated solution depositing fine, trans- 
parent needles, M.pt. 262° C. The salt is completely soluble in hot 
pyridine, chloroform, toluene, ethyl acetate, or alcohol, moderately 
soluble in carbon tetrachloride or water, slightly soluble in ether or 
acetone, and insoluble in hght petroleum. 

Thallium diphenyl acid propionate ^ forms fine silky needles from 
toluene, M.pt. 164° C., these being completely soluble in cold chloroform, 
hot alcohol, pyridine, ethyl acetate, or glacial acetic acid, fairly soluble 
in boiling water, and insoluble in ether or light petroleum. 

Thallium diphenyl acid valerate. — M.pt. 176° C-> forms fine white 
needles from toluene, having a similar solubility to the propionate. 

Thallium diphenyl acid butyrate forms waxy needles, M.pt. 
170° C., when dissolved in acetone the addition of light petroleum 
precipitates the normal butyrate, M.pt. 230° C. 

Thallium diphenyl acid n-hexoate forms feathery rosettes of 
needles from toluene, M.pt. 191° C.; the normal salt obtained similarly 
to the butyrate melts at 208° C. 

Thallium diphenyl n-octoate is deposited from toluene in waxy 
needles, M.pt. 195° C., and is les.s soluble than the acetate. 

•Thallium diphenyl p-nitrobenzoate forms faint yellow, blunt- 
ended needles, M.pt. 228° C., which are completely soluble in cold pyri- 
dine, hot acetone, toluene, or ethyl acetate, slightly soluble in alcohol or 
ether, and insoluble in light petroleum, chloroform, or carbon tetra- 
chloride. 

Thallium diphenyl o-bromobenzoate forms cream, glistening 
plates, M.pt. 243° C., to a clear liquid. The compound is fairly soluble in 
chloroform, insoluble in ether or light petroleum, and completely soluble 
in other organic solvents. 

Thallium diphenyl m-bromobenzoate crystallises from toluene 
in glistening plates, M.pt. 247° C,, the solubility of this salt being slightly 
less than the ortho compound. 

Thallium diphenyl o-nitrophenoxide. — This is obtained by the 
interaction of thallium diphenyl oxide and o-nitrophenol, and is a bright 
orange, crystalline powder which turns scarlet on heating, reverting to 
its original colour on cooling. It melts to a blood-red liquid at 247° C., 
and is completely soluble in cold pyridine, fairly soluble in acetone or 
^ Goddard, Trans, Chem. Soc., 1923, 123, 1164, 
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alcohol, giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether, or hot water, insoluble in light petroleum, c-arbon tetra- 
chloride, or ethyl acetate, being decolorised in the latter. 

Thallium diphenyl p-nitrophenoxide. — When thallium di- 
phenylchloride, silver oxide, and p-nitrophenol are boiled in xylene for 
three hours, and the product extracted with water, lemon-yellow 
needles of the above compound are obtained. It melts with decom- 
position at 250° C., and only differs slightly from the ortho compound in 
solubility. 

Thallium diphenyl trinitro-m-tolyloxide forms yellow needles 
from water, melting with decomposition at 23]° C, It is completely 
soluble in cold pyridine or acetone, and warm alcohol, ether, or ethyl 
acetate, fairly soluble in chloroform, slightly soluble in water, carbon 
tetrachloride, light petroleum, or toluene, becoming orange in the latter. 

Thallium diphenyl a-nitroso-/3-naphthoxide crystallises from 
ether in microscopic, green needles, melting with decomposition at 238° C. 
The salt gives green solutions in alcohol, acetone, pyridine, toluene, or 
carbon tetrachloride, and is brown in other solvents, but differs from the 
coiresponding ethyl compound iu its insolubility in water. 

Thallium diphenyl trinitro-a-naphthoxide. — This salt crystal- 
lises in brilliant orange needles, which melt to a blood -red liquid at 
232° C. With the exception of its complete solubility in hot alcohol, 
it resembles the corresponding ethyl derivative. 




CHAPTER XII. 



ORGANOMETALLIC DERIVATIVES OF THE METALS 

OF GROUP IV. 



A considerable amount of work has been done during the past twenty 
years on the organic compounds of silicon, tin, and lead, and although 
the majority of the germanium derivatives are of recent date, this is 
probably due to the rarity and expense of this metal. 

Silicon, being a non-metal, forms many types of compounds which 
could not be expected from the other three elements. Like carbon, it is 
capable of forming both chain and ring compounds, but with this 
^sential difference, that whereas the carbon compounds consist of 
carbon to carbon linkages, the silicon usually links itself alternately with 
oxygen. Examples of such arrangements of atoms are shown as follows, 
together with any relationships which may exist with similar inorganic 
compounds ; — 

Orthodisilicic Acid Type, HgSigOy. 

HO— Si 0 Si— OH HO— Si 0 Si— OH 

/\ /\ /\ /\ 

OH OH OH OH Ph Ph Ph Ph 



Orthotrisilicic Acid Type, HgSigOiQ. 

HO— Si 0 Si 0- 



-Si— OH 



OH OH 



I-IO— Si- 



- 0 - 



OH OH 

Si 



OH OH 
-0 Si— OH 



Ph Ph 



Ph Ph 



Ph Ph 



Onhotetrasilicic Acid Type, HioSiiO^g. (Free acid unknown.) 
HO— Si 0 Si— -0— Si— 0 Si— OH 



Ph Ph 



Ph Ph 



Ph Ph 



Ph Ph 



Germanium compounds corresponding to this tetrasilicic acid type 
are also known. Chain compounds which have corresponding cyclic 
anhydrides, formed by condensation and elimination of water, are given 
below : 



(HO)2SiPh2 



Ph\ 




yPh 




/H 


/ 


>Si Si< 


X C< 




Ph/ 


i 


1 \Ph 


H/ 1 1 


^H 



6 6 compare ^ ^ 

\si/^ \c/ 
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Ph. 



HO.SiPlu.O.SiPii„.OH 



Ph 






■Si 



Si' 



Ph 



Ph 



0 




Caven ^ has also pointed out that the oxychloride, Si^O^Clg, may 
have a cyclic constitution, which has an organic analogue. 



/SiCU— 0— SiCL. 

\SiCl2--O--SiCl2' 



>0 



0< 



.SiPha— 0— SiPha 
''SiPhj — 0 — SiPhg 



O 



Silicon also resembles carbon in forming ketones of the type R.SiO.R, 
but the likeness between the two classes ends with the formulae. The 
following comparison has been drawn between the hydrocarbons and 
the silicon hydrocarbons 



Hydrocarbon. 

MegC.CMca 

MegC.Ph 

MegC.EtPh 

EtgC.Ph 



Boiling-point, 
(760 mm.). 

106 0 ° C. 
168-2° C. 
189 0° C. 
221 - 0 ° C. 



Silicon Hydrocarbon. 

MegSi.SiMes 

McgSi.Ph 

MeaSi.EtPh 

EtgSi.Ph 



Boiling-point. 
(760 mm,). 

113 0 ° C. 
171-6° C. 
198-0° C. 
238-3° C.* 



The gradation in melting-points and boiling-points in passing from 
silicon to lead, for some derivatives of the elements of Group IV., is 
shown in Table V..of the Appendix. 

Tin and lead differ from silicon in fonning divalent and tervalent 
compounds, and tin also forms hydrides of the type SnR^H and SnRjHg. 
The tervalent compounds show true tervalency in dilute solution only, 
for if the molecular weights by the freezing-point methods are carried 
out with increasing concentration of solute, association appears to take 
place. 

The only ring compounds formed by tin and lead are of the type 



/CHs—CHsv 

R2M< >CH2 

\CH2— CH2/ 



and those derivatives containing two atoms of the same metal are shown 
by 

R 3 M.MR 3 ; R 3 M(CH 2 )sMR 3 ; R 3 Sn(CH 2 )ioSnR 3 



Cases are also known in this group in which two different metals are 
present in the same compound : 

Me3Sn(CH2)sPbMe3; Et3Si.CeH4,PbMe3; Et3Si.CeH,.SnEt3; 

Et3Si.C6H4-AsPh2 



^ Caven, this series, Vol. v. (1917), p. 203. 
* Bygd 6 n, Ber., 1912, 45 , 707, 




248 ORGANOM^TALLIC UOMROUNDS. 



Silicon. 



Most of the work carried out on this element is due to Kipping and his 
co-workers, and the investigations are a model of patience and persever- 
ance. Although many of the substances formed appear as glue-like 
products, an enormous mass of information regarding the organic 
compounds of this element has been collected together. The following 
system of nomenclature for organic silicon derivatives is due to 
Kipping:—^ 

The term siUcane, used for silicon hydride, is maintained for 
analogous derivatives of CH^. The radicle Sillg is termed siUcyl, and 
corresponds to CHg, e.g. SiPhgCl, triphenylsilicyl chloride. Silicanol 
and silicanediol are used for hydroxy derivatives ; 

SiHg.OH SiPhgOH SiH2(OH)2 SiPh2(OII)2 

Silicanol. Triphenylsillcanol. Silicanediol. Diplienylsilicanediol, 



The term silicone denote analogues of ketones, e.g. SiICt20, diethyl- 
silicone. Owing to the dissimilarity between the ethers and the corre- 

S\ 

spending silicon compounds containing hO, the term oxide is 

SK 



employed, thus : 




is known as triphenylsilicyloxide. 

.The following names show how many molecules of silicanediol have 
condensed together, and how many molecules of water are eliminated in 
the process : — 



SiPhoOH 



O 



SiPhgOH 

0 



SiPhaOH 

Anhyda-obisdiphenylsilicanediol. 



SiPh 



2 



0 



SiPii20H 

Dialiliydrotrisdiphenylsilicanediol. 

In order to show how it is possible to pass from one type of aliphatic 
compound to another, the scheme shown on opposite page has been 
drawn up, using the ethyl derivatives as examples. 



Alkyl Derivatives of the Type R4Si. 

Tetramethylsilicane, Si (0113)4. — This compound is obtained by 
heating together zinc dimethyl and silicon tetrachloride in a sealed 
' Kipping, Trans. Chem. Soc., 1912, loi, 2106, 
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tube at 200° C.^ It boils at 30° to 31° C, and is a clear liquid, lighter 
than water. When treated with excess of methyl alcohol at 250° C. for 
fifteen hours, the methyl ether is obtained as a colourless liquid, B.pt, 
121° to 126° C- ; density 1-0589. In 1911 Bygden ^ prepared tetra* 
methylsilicane, using silicon tetrachloride and magnesium methyl 
bromide, and found its boiling-point to be 26° to 27° C. 

Tetraethylsilicane ^ may be prepared by heating silicon tetra- 
chloride and zinc diethyl at 160° for three hours ; ^ or by the interaction 
of silicon tii ethyl ethyl ether, zinc ethyl, and sodium, these yielding the 
hydride SiH.(C 2 H 5 ) 3 . This with bromineforms triethyl silicon bromide, 
and further action of zinc ethyl and sodium at 150° C. produce tetraethyl- 
silicane. It may also be prepared by the Wurtz reaction.® using silicon 
tetrachloride, sodium, and ethyl bromide. Tetraethylsilicane is a 
liquid, lighter than water, and it burns with a luminous flame, leaving a 
deposit of silica. Its boiling-point is variously given as 152° to 154° C.,^* 
and 151° to 153° C.’ With chlorine it gives triethylchlorethylsilicane, 
(CsHslgSi.CoH^Cl. 

Tetrapropylsilicane ® is obtained along with tripropylsilicane by 
the action of zinc propyl on silicochloroform (trichloTosiiicane) at 
120° to 150° C. The lower fraction is tripropylsilicane and the 
higher one tetrapropylsilicane. The reaction is probably represented 
thus ; 

2SiHCl3+4Zn(C3H,)2=SiH(C3H7)3+Si(C3H7)4+3ZnGl2+Zn+C3H8 

The silicane may also be produced by the interaction of silicon tetra- 
chloride, propyl iodide, and zinc at 180° C. : 

SiCl 4 +4C3H,I +4Zn -Si{C 3 H 7 + 2 ZnCl 2 +2Znl2 

Tetrapropylsilicane is a colourless, almost odourless oil, which burns 
with a sooty flame, depositing silica ; it is soluble in alcohol or ether, and 
insoluble in water or concentrated sulphuric acid. It boils at 213° C . ; 
density 0-7979 at 0° C., 0-7883 at 15° C. It is not attacked by con- 
centrated sulphuric or nitric acids or by potassium hydroxide, but 
bromine on warming readily substitutes. The compound can be purified 
by the use of concentrated sulphuric acid, as was done in the case of 
tetraethylsilicane.® Removal of tripropylsilicane and oxide is tlnis 
effected. 

Tetra-isoamylsilicane is obtained from silicon tetrachloride, 
sodium, and isoamyl chloride. An oily residue remains after distilling 
off the tetra-isoamylsilicane. It is colourless, feebly fluorescent, boiling 
between 360° and 370° C., and is found to be silicon tri-isoamyloxide. 
Tetra-isoamylsilicane is a colourless, odourless liquid, B.pt. 275° to 
279° C., and miscible with alcohol and ether in all proportions. 

' Friedel and Crafts, Annalen, 1865, 136, 203. 

2 Bygden, Ber., 1911, 44, 2640. 

® Priedel and Crafts, Annalen^ 1863, 127, 28. 

* Ladenburg, Anjuilen, 1872, 164, 300. 

® Kipping and Lloyd, Trans. Chem. Soc., 1907, 79, 209. 

® iViedel and Crafts, loc. cit. 

’ Ladenburg, loc. cit. 

® Pape, Annalen, 1884, 222, 354. 

® Priedel and Crafts, Ann. Chim. Phys., 1895, [4], 19. 

Taurke, Ber., 1905, 38, 1661. 
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Alkyl Derivatives of the Type RgSiR'. 

Triethylsilicane, {€2115)38111.^ — This is formed by the interaction 
of zinc ethyl, sodium, and silicoheptyl ethyl ether. It is a colourless 
liquid, boiling at 107° €., and of density 0-7510 at 0° C. It is soluble 
in both alcohol and ether, but insoluble in water and in concentrated 
sulphuric acid. With fuming sulphuric acid it reacts according to the 
equation : 

2SiEt3H +2S03=(Et3Si)20 +H2O +280 2 

Witli bromine it forms triethyl silicon bromide. 

Tripropylsilicane ^ is produced by heating one part of silicochloro* 
form (trichlorosilieane) and two parts of zinc propyl in a sealed tube at 
150° C. for six houis: 

2SiHCl3+3ZnPr2==28iIIPr3+3ZnCl2 

The product obtained is a colourless oil. This is washed with water, 
then drifed over calcium chloride and frg.ctionated. Tripropylsilicane 
distils between 170° and 175° C. ; the residue is tetraproi^ylsilicane. 
Tripropylsilicane is a colourless, pungent, fuming liquid, and burns with 
a luminous, sooty flame. It boils at 170° to 171° €., density 0-7723 at 
4° €., 0-7621 at 15° €., and is difficult to free from the tetrapropyl body. 
To prevent decomposition it should be distilled in a stream of hydrogen. 
The compound is easily soluble in alcohol or ether, but insoluble in water 
or concentrated sulphuric acid. With the latter, however, feeble oxida- 
tion occurs in tlie cold, with evolution of sulphur dioxide, and on warm- 
ing tripropylsilicon oxide is formed. 

Tri-isobutylsilicane may be prepared by interaction of trichloro- 
silicane, isobutyl chloride, and sodium. It is a colourless, odourless 
liquid, B.pt. 204° to 206° C. 

Tri-isoamylsilicane has been prepared in the same way as the 
above, using isoamyl chloride. It is a feebly fuming liquid, B.pt. 245° €., 
soluble ill alcohol or ether, and uiiattackcd by water or potassium 
hydroxide. 

Trimethylethylsilicane ^ is obtained by the action of methyl 
magnesium bromide on trichloroethysilicane. The product is extracted 
with ether, washed with concentrated sulphuric acid, and on distillation 
boils between 62° and 70° €., the main portion distilling at 62-5° to 
63-5° C. 

Trimethyl -n-propylsilicane is prepared similarly to the above, 
using propyl trichlorosilieane. 

Trimethyl -n-butylsilicane. — It is first necessary to obtain 
n-butyltrichlorosilicane by the action of n-butyl magnesium bromide 
on silicon tetrachloride. The product, boiling at 147° to 151° €., is a 
liquid, fuming in moist air, and when treated with methyl magnesium 
bromide, trimethyl-n-butylsilicane is formed, B.pt, 115° C. 

Trimethyl -isobutylsilicane is difficult to obtain, because the 
isobutyltrichlorosilicane is troublesome to prepare. The methyl 
Grignard reagent gives trimethyl-isobutylsilicane, B.pt. 107-9° to 
108-2° C. 



1 Ladenburg, AnnaUn, 1872, 164 , 300 
® Taurke, Ber., 1905, 3 S, 1661. 



Pape, Annalen, 1884, 222, 354. 
* Bygddn, B&r., 1911, 44, 2640. 
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Trimethyl -isoamylsili cane is prepared as the above two com- 
pounds, the starting-point being isoamyltrichlorosilicane.^ The body 
boils at 131° to 132° C. 

Triethylchloroethylsilicane, (C 5,115)3810211401, may be obtained 
by 2 passing chlorine into tetraethylsilicane in water; hydrogen chloride 
is evolved, and a yellow oil separates- Two fractionations yield a 
liquid, B.pt. 185° 0., in small quantity, which is triethylchloroethyl- 
silicane. 

Triethylacetoxyethylsilicane, (02^15)38102114.0.00.0113. — The 
fraction, B.pt. 180° to 190° 0., of the above triethylchloroethylsilicauc 
when heated in a sealed tube with potassium acetate and alcohol for 
several hours at 180° 0. yields a liquid, B.pt. 208° to 214° 0. It has a 
faint ethereal and acetic acid odour, burns with a luminous flame, and is 
found to be the acetate. 

Triethylhydroxyethylsilicane is produced from the abo^’e when it is 
treated with dilute alcoholic potassium hydroxide at 120° to 130° C., and 
has been proved to be a liquid of the composition (CoH5)38iC2H40ri. 
It boils at about 190° C. and is insoluble in water. 

Triethyl -n-propylsilicane ® is prepared in a similar manner to the 
corresponding trimethylsilicanes, using n-propyltrichlorosilicane ^ and 
ethyl magnesium bromide. The compound boils between 172-8° and 
173-2° C. It is partly soluble in concentrated sulphuric acid, giving a 
product, B.pt. 160° to 225° G., and is therefore not homogeneous. 

Triethyl -n-butylsilicane is prepared ® in the same manner as the 
above compound. It boils at 190-6° to 191-6° C. 

Triethyl -isobutylsilicane, prepared as above, boils at 187° to 
187-2° C., and tri ethyl -isoamylsilicane boils at 204-6° to 205-6° C. 

Alkyl Derivatives of the Type R28iRjjh 

Dimethyldiethylsilicane ® is obtained from diethyl silicon chloride 
(24-5 grams), using 2 mols. of methyl magnesium iodide. The chief 
fraction, B.pt. 95° to 96° C., weighs 6 grams. 

Dimethyldipropylsilicane is prepared in the same manner as the 
above. It boils at 140° to 142° C, 

Alkyl Derivatives of the Type R28iR'R". 

Dimethylethyl-n-propyl-silicane.— It is first necessary to obtain 
ethyl-n-propylsilicon chloride, which may be formed by one of two 
methods, (1) From ethyltrichlorosilicane by replacing one chlorine 
with the propyl group. (2) From prcpyltrichlorosilicane by removing 
one chlorine and putting in an ethyl group. The latter method is 
utilised and the ethyl introduced by ethyl magnesium bromide, when 
five fractions are isolated. The one, B.pt. 152° to 154° C., gives the 
best analysis. This fuming liquid, Et.Pr.SiC^, with methyl mag- 
nesium bromide gives the desired compound, B.pt. 120° to 122° C. 

Dimethylethyl -isobutylsilicane is prepared in a similar manner to 

^ Melser, Ber., 1908, 41, 3392. 

® Friedel and Crafts, Annakn, 1866, 138, 19. 

® Bygden, Ber., 1912, 45, 707. 

* Meiser, Ber., 1908, 41, 3390. 

® Bygden, loc. cit. 

« Bygd&n, Ber.., 1911, 44, 2640. 
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the above, using isobutyltrichlorosilicane and ethyl magnesium bromide. 
The ethyhisobutyl silicon chloride thus formed, with methyl magnesium 
bromide gives a product, B.pt. 137° to 139° C. 

Alkyl Derivatives of the Type R^SiX, 

Triethylchlorosilicane, {021*15)38101, is obtained ^ by the inter- 
action of silicon triethyl ethyl ether and acetyl chloride, thus : 

(0.2H5)3Si002H5+OH30001-(02H5)3Si01+OH300.0C2H5 

This reaction requires a sealed tube and a temperature of 180° 0. 
Triethylchlorosilicane boils at 143° to 145° 0., has density at 0° 0. 
0-9249, is only slowly decomposed by water, and with silver nitrate pre- 
cipitates silver chloride. Triethyl sihcol is formed by the action of 
ammonia, and triethyl silicon oxide is produced with water. 

Triethylbromosilicane is formed by the action of bromine on 
triethylsilicane. It boils at 161° C., is slowly decomposed by water, 
and the bromine is easily replaced by hydroxyl by aqueous potassium 
hydroxide or sodium carbonate. By treatment with zinc ethyl and 
sodium at 150° C. tetraethylsilicane is produced. 

Triethyl silicon acetate is formed when acetic anhydride is allowed 
to react with silicon triethyl ethyl ether in a sealed tube at 250° C. : 

(C2H5)3SiOC2H5 + (CH3CO)20=(C2H5)3SiO.CO.CH3+CH3.CO.OC2H5 

Tripropylbromosilicane.2 When 1 mol- of tripropylsiiicane 
is treated with 1 mol. of bromine and cooled, hydrobromic acid is 
evolved. The reaction is allowed to finish on the water-bath and goes 
smoothly, giving a good yield. On fractionation the product obtained 
is a yellow, fuming oil, B.pt. 213° C., which decomposes slowly in the air, 
evolving hydrobromic acid. With water it slowly change<s, while 
aqueous ammonia completely converts it to tri propyl silicol, B.pt. 
205° to 208° C., and a little tripropylsilicon oxide. 

Tripropyl silicon acetate is obtained from the bromide by the 
action of dry .silver acetate, cooling being necessary from time to time : 

Pr sSiBr + AgC 3O 2 =Pr .^Si.C oH 3O 2 + AgBr 

The body is a colourless oil, B.pt. 212^ to 216° C., slowly changing in 
air to tripropylsilicol and acetic acid. 

Tri-isobutylbromosilicane ^ is prepared by the bromination of 
tri-isobutylsilicane» It is a yellow, fuming liquid, heavier than water, 
B.pt. 245° C. 

Tri -isoamylbromosilicane, obtained in the above manner, boils 
at 278° to 280° C., and has similar properties to the preceding body. 

Alkyl Derivatives of the Type. R2SiX2. 

Diethyl silicon dichloride was prepared by Ladenburg ^ by treating 
silicon diethyl ether with benzoyl chloride at 250° C. The body is iden- 
tical with that obtained by the action of hydrogen iodide on silicon 

1 Ladenburg, Anndkn, 1872, 164, 300. 

“ Pape, AnnaUn, 1884, 222, 354. 

® Taurke, Ber.^ 1905, 38, 1661. 

* Ladenburg, loc. cit. 
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diethyl ether, or by using ethyl magnesium bromide and silicon tetra- 
chloride.^ The separation of the compound is, however, difficult, owing 
to fonnation of the three chloro-derivatives, whose boiling-points lie 
very close together. Diethjd silicon chloride is a colourless liquid, 
fuming in air and boiling at 128° to 130° C. With water it yields diethyl 
silicone, (C 2 H 5 )._>SiO, which is a syrupy body,- easily soluble in ether, 
but difficultly soluble in alcohol. This silicone polymerises, giving a 
compound of high molecular weight. 

Dibromoethyl silicon dichloride, (CH2Br.CH2)2SiC1.2, is produced 
by heating together a mixture of two molecular proportions of ethylene 
bromide with 1 mol. of silicon tetrachloride dissolved in ether, and 
four molecular proportions of sodium and a little ethyl acetate. The 
product is a dark brown oil.^ Doubt has recently been expressed as to 
the existence of this compound.^ 



Alkyl Derivatives of the Type RSiXy. 

Ethyl silicon trichloride, C 2 H 5 SiCL^, is prepared from silicon 
ethyl triethyl ester and benzoyl chloride by heating them in a sealed 
tube at 300° C.^ 

SiEt(OEt)3 +3PhCOCl =EtSiCl3 -P3PhCOOEt. 

The liquid, B.pt. about 100° C., fumes considerably in moist air, 
and with water gives silicopropionic acid and hydrogen chloride. The 
trichloride has also been obtained from silicon tetrachloride, using the 
ethyl Grignard reagent." It is a pale yellow, fuming liquid, B.pt. 97° 
to 103° C. 

Propyl silicon trichloride ® is formed by the action of propyl 
magnesium bromide on silicon tetrachloride, and is a clear, colourless 
liquid, B.pt. 123° to 125° C. In preparing the chloride all traces of 
moisture must be absent. It has a penetrating odour and fames in 
the air. By allowing the liquid to drop into ice-water, the acid, PrSiO. 
OH, is obtained, and with anhydrous alcohol the trichloride gives 
silicon propyl triethyl ester, PrSi(OEt)g. 

Isoamyl silicon trichloride is produced in a similar manner to the 
above, and is a colourless, transparent, fuming liquid with a penetrating 
odour. It boils at 46° C. at 9 mm., and has a density of I -066. Its 
reactions are the same as the propyl compound. 



Alkyl Derivative of the Types R 3 Si(OH) a.nd R 3 Si(OR). 

Triethylsilicol, (C 2 H 5 ) 3 Si.OH, is isolated ’ by treating triethyl 
silicon acetate with sodium carbonate solution ; 

2(CoH5)3SiO.CO.CH3+Na.,C03-t-H20=2(C2H5)3Si.OH+2NaO.CO.CH3 

+CO2 

^ Martin and Kipping, Trans. Chem. Soc., 1909, 95 , 302. 

Hart, Jahresber., 1889, p. 1943. 

* Widdowson, J. Chem, Soc., 1926, p. 958. 

* Ladenburg, Annalen, 1872, 164 , 300. 

® Kipping, Trans. Chem. Soc., 1907, 91 , 209. 

® Meher, Ber., 1908, 41 , 3390. 

’ Ladenburg, loc. cit. 
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It may also be prepared by the action of aqueous ammonia on 
triethyl silicon chloride : 

(C2H5)3SiCl+NI-l3-t-H20 = {C2H5)3Si.0H+NHiCl 

Another method of preparation consists in heating silicon triethyl 
ethyl ether with concentrated sulphuric acid and precipitating the pro- 
duct with water. The silicol is a colourless liquid with a strong camphor- 
like odour, B.pt. 184° C., density 0-8709 at 0 ° C., insoluble in water, but 
miscible with ether or alcohol. It burns with a dazzling flame, lea\dng 
a deposit of silica. If heated with sodium, hydrogen is evolved, 
and when carbon dioxide is passed into the ethereal solution and the 
solvent then evaporated, the sodium salt of tri ethyl silicon carboxylic 
acid, (C 2 H 5 )aSiCOONa, is left. The following represent further reactions 
of triethyl silicol : — 

(C2H5)3Si0HH-SO3=C.2H,SiO.OH+2C2H4+PI,+SO2 
(Nordhausen sulphuric 
acid.) 

(C 2 Hs) 3 Si.OH HI, B.pt. 127° C. (C 2 H 5 ) 2 »^iQ +C. 2 H 6 

At 200° C. 

2(C2H5)3Si.0H P 2 Q 5 ^ [(C,H.).Si] 2 O +H,0 

Silicon triethyl ethyl ether or Silicoheptyl ethyl ether, (C 2 H 5)3 
Si(OC 2 H 5 ), is obtained ^ by the interaction of zinc ethyl, sodium, and 
silicon diethyl diethyl ether. (C 2 H 6 )aSi{O.C«Hs) 2 . It is a colourless 
liquid, B.pt. 153° C., density 0-8414, 0-8393, 0-8403 at 0 ° C., insoluble in 
water, miscible with alcohol or ether, and stable in air. Acetyl chloride 
acting on the compound gives rise to triethyl silicon chloride. 

Tripropylsilicol, (CHgCH 2 CH 2 ) 3 SiOH,^ may be prepared in two 
ways : 

1 . From tripropyl silicon acetate by long boiling with 30 per cent, 
sodium carbonate only gives a small yield, a contrast to the formation 
of triethjdsilicol. The poor yield is probably owing to the following 
reaction taking place ; — 

2 Si(C 3 H 7 ) 30 .C 0 .CH 3 +Na 2 C 03 =Si 20 (C 3 H,) 6 -t- 2 Na 0 .C 0 .CH 3 +C 02 

2 . When tripropyl .silicon bromide is treated with aqueous ammonia 
the following two reactions occur simultaneously, so that the yield is 
little better : — 

(C 3 H,) 3 SiBr+NH 3 +H 20 =Si(C 3 H 7 ) 30 H+NH,Br 

2 (C 3 H 7 ) 3 SiBr + 2 NH 3 -I-H 2 O ^SiaO (C 3 H 7 )e+ 2 NH 4 Br 

Tripropyl .silicol is a colourless, fuming oil, and is glycerine-like in 
consistency. It is lighter than water and insoluble in it. It dissolves 
in alcohol ox ether and has a boiling-point of 206° to 208° C. When 
warmed with sodium, hydrogen is easily evolved and an amorphous 
mass remains, which is no doubt the alcoholate, since on warming \vith 
water the silicol is regenerated together with sodium hydroxide. 

^ Ladenburg, loe. eit. 

^ Pape, Annalen, 1884, 222 , 354. 
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Tri-isoamylsilicol, (C 5 Hu) 3 S^OH/ is formed by the action of 
aqueous ammonia on ti-i-isoamyl silicon bromide : 

(C5Hii)3SiBr+NH40H={C5Hii)3SiOH+NH4Br 

It boils at 269° to 270° C., has a penetrating smell, and is lighter than 
water. Metallic sodium dissolves in it with hydrogen evolution, prob- 
ably forming the sodium derivative (C 5 Hii) 3 SiONa. 



Alkyl Derivatives of the Types R 2 Si(OR )2 and R 2 Si(OR).Hal. 

Silicon diethyl diethyl ether, (C 2 H 5 ) 2 Si(OC. 2 H 5 ),, is obtained by 
allowing silicon tetraethyl ester, Si(OC 2 Hs) 4 , to interact with sodium and 
Tiinc ethyl . 2 The ether produced is a colourless, fuming liquid, B.pt. 
155-8° C. ; density atO° C. 0-8752. It is stable in air, insoluble in water, 
soluble in ether or alcohol, and unattacked by ammonia. 

Diethylchlorosilicon ethyl ether, (C 2 H 5 ) 2 Si(OC 2 H 5 )Cl, is pre- 
pared from the above by the action of acetyl chloride. It boils at 146° 
to 148° C. and burns with a green flame, leaving a residue of silica. 



Alkyl Derivatives of the Type RSi.{OR) 3 . 

Methyl triethoxy silicon or Orthosilicoacetic acid triethyl ester, 
CHgSi(OC 2 H 5 ) 3 ,® is formed by the interaction of tetraethoxysilicon, 
Si(OC. 2 H 5 ) 4 , 15 grams, and 10 grams of zinc methyl at 120 ° C., then 
300° C. The tubes are opened occasionally to allow escape of gases. 
It is a liquid, B.pt, 146° to 151° C., density at 0 ° C. 0-9283, and is 
insoluble in water. With ammonia or heating with hydrogen iodide, 
methyl monosilicic acid, CHgSiO.OH, is formed. 

Ethyl trimethoxy silicon, C,H 5 Si(OCH 3 ) 3 , is prepared from tetra- 
methoxysilicon, zinc ethyl, and sodium. It is a liquid, B.pt. 125° to 
126° C., density at 0 ° C. 0-9747. 

Ethyl triethoxy silicon, CoHsSi(OC 2 H ) 3 , is isolated in the above 
manner from tetraethoxysilicon.^ Another method of preparation is 
from triethoxysilicon chloride, using sodium and zinc ethyl. The 
reaction mixture gives a colourless Hquid with a camphor-like odour, 
B.pt. 158-5° C., density at 0 °C. 0-9207; it is insoluble in water, but 
miscible with alcohol and ether. It is not completely decomposed by 
alcoholic potassium hydroxide or ammonium hydroxide, but is broken 
up by concentrated sulphuric acid,® 

Propyl triethoxy silicon or Ethyl orthosilico -butyrate, 0311781 

is formed from propylsilicon trichloride by the use of 
absolute alcohol, and is a colourless liquid with an aromatic odour, 
B.pt, 177° to 179° C., density at 0 ° C. 0-8945. 

Isoamyl tri ethoxy silicon is produced in the same manner as the 
above compound from isoamylsilicon trichloride. The liquid is pleasant 
smelling and boils at 195° to 200 ° C., density at 0 ° C. 0-9318. 

' Taurke, Ber., 1905, 38 , 1661. 

® Ladenburg, AnnaUn, 1872, 164 , 300. 

® Ladenburg, Annakn, 1874, 173 , 148; Ber., 1873, 6 , 1029. 

^ Ladenburg, Annakn, 1872, 164 , 300. 

® Friedel and Ladenburg, Annakn, 1871, 159 , 259. 

® Melzer, Ber., 1908, 41 , 3391. 
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Alkyl Derivative of the Type Si(OR) 3 Hal. 

Chlorotriethoxy silicon, SiCl(OC 2 H 5 ) 3 .i— This is prepared accord- 
ing to the following equations: — 

1. Si(OC2H5)4+CH3COCl=SiCl(OC2H5)3+CH3COOC,H5 

2. SiCl4+3Si(OC2H5)4=4SiCl(OC2H5)3 

3. SiCl4+3C2H50H =SiCl{OC2H5)3-l-3HCl 

The last reaction requires absolute alcohol, and a sealed tube at 160° 
C. for several hours. 

The compound is a liquid, B.pt. 156° C. With sodium ethyl it forms 
ethyltriethoxy silicon : 

SiCl(OC2Hs)3+NaC2H5=NaCl+C2H5Si(OC2H5)3 

Alkyl Derivatives of the Type (R 3 Si) 20 . 

Triethyl silicon oxide or Bis-(triethylmonosilyl)-ether, [( 02115)3 
Si] 20 , may be prepared by several methods,- and the reactions are 
represented by the following equations : — 

1. 2{C2H5)3Si{OC.3H5)+2HI-(C2H5)3Si-0-Si(C2H5), 

-l- 2 C.,H 5 l+H 20 

2 . 2 {C,H 5 ) 3 Si(OH) P205, r(C,H,),SiL0+H,0 

8 . 2 (CjH 5 ) 3 Si 0 C 2 H 5 +H,S 04 =[(C,Hs) 3 Si], 0 + 2 C.H 5 HS 04 +H ,0 

(fuming) 

4 . 2 (C,Hj) 4 .SiCH- 2 K 0 H=[(C 4 H 5 ) 3 Si] 40 + 2 KCl+H 40 

(aqueous) 

It is also obtained from bis-(trichloromonosilyl)-ether, ClgSi — 0 — SiCl 3 , 
by the action of zinc ethyl : ^ 

Si2Cl30+3Zn(C2H5)2=[(C2H5)3Si].0+3ZnCl2 

One molecule of silicon oxychloride is treated with the theoretical 
quantity (3 mols.) of zinc ethyl in a sealed tube at 180° C. for a 
prolonged period. The zinc ethyl disappears, and after treating the 
product with concentrated sulphuric acid an oil is obtained, which after 
washing and drying gives a main fraction distilling between 230° and 
235° C. This is purified by several further fractionations and gives an 
analysis for triethyl silicon oxide. The compound is a colourless syrup, 
B.pt. 231° C., density at 0° C. 0-8590. It is soluble in concentrated 
sulphuric acid, and may be precipitated unchanged by the addition of 
water. 

Tripropyl silicon oxide or Bis-(tripropylmonosilyl) -ether, 

[(C3H7 )3Si]20, is prepared from tripropylsilicane by the action' of fuming 
sulphuric acid. The product is poured into well cooled water, when a 
yellowish oil separates, which is taken up with ether and dried over 
calcium chloride.^ The oxide is also produced as a by-product from 

* Friedel and Ladenburg, Rer,, 1870, 3 , 15 ; 1871, 159 , 259. 

2 Ladenburg, Annalen, 1872, 164 , 300. 

* Friedel and Ladenburg, Annalen^ 1868, 147 , 355. 

* Pape, AniWtUn^ i§84, 222 , 354. 

VOL. XI. : I, 
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tripropylsilicon bromide, when preparing the silicol with ammonia. 
It is formed along with the silicol when tripropyl silicon acetate is 
acted on with aqueous sodium hydroxide. The oxide is a yellow, almost 
odourless oil, soluble in alcohol or ether, and boils between 280° and 
290° C. 

Tri-isoamyl silicon oxide, [{C5Hn)3Si]20, is produced ^ in the 
preparation of tetra-isoamylsilicane from silicon tetrachloride, sodium, 
and isoamyl chloride. It is contained in the oily residue whiA distils 
at 360° to 370° C. It has a glyceiinedike consistency and is feebly 
fluorescent. 



Alkyl Derivatives of the Type RgSiO. 

Diethylsilicone or Diethylsilicon oxide, {C 2 H 5 ) 2 SiO, is formed 
from silicon diethyl diethyl ether, which must first be converted into the 
dichloride, for which purpose benzoyl chloride is used at 250° C. With 
water the silicone is formed .- 

{C2H5)2SiCl2+H20=(C2H5)2SiO+2HCl 

Martin and Kipping ^ prepared diethyl silicon dichloride in order 
to see if when decomposed with water a hydrol, (C 2 H 5 ) 2 Si(OH) 2 , was 
formed, corresponding to dibenzylsilicanediol. It was found, however, 
that the alicone, (C 2 Hs) 2 SiO, was formed, which then polymerised, 
giving a compound with a high molecular weight; the body was not 
analogous to the corresponding ketone.^ The oxide is a syrup, insoluble 
in water, sparingly soluble in alcohol and easily soluble in ether. It does 
not solidify at —15° C., and distils below 300° C. without decomposition. 



Alkyl Derivatives of the Type R.SiO.OH, 

Methylsiliconic acid or Silico -acetic acid, CH3.SiO.OH. — This 
compound is obtained ^ in the following manner .* Tetraethoxysiheon, 
15 grams, and 10 grams of zinc methyl are heated in a sealed tube to 
120° C., opening the tube at various intervals to allow escape of gases. 
The final heating should reach 300° C., and the liquid is then fraction- 
ated. Methyl triethoxy silicon or orthosilicoacetic acid tri ethyl ester, 
B.pt. 146° to 151° C., is thus formed : 

Si{OC2Hs)4-|-Zn(CH3)2=CH3Si(OC2H5)3-l-ZnCH3{OC2H5) 

This is then decomposed by aqueous ammonia or by boiling with 
hydrogen iodide, B.pt. 127° C., giving methylsiliconic acid, which is a 
white, amo^hous powder, leaving a residue of silica when burned. 

Ethyl siliconic acid or Silico -propionic acid is obtained fr-om 
ethyl triethoxy silicon ® using benzoyl chloride at 300° C. : 

SiC2H5(OC2H5)3+3C6H6COCl=CgH5SiCl3-h3C6H5COOC2H5 
The trichloride is decomposed by water, giving the acid and hydrogen. 
1 Taurke, Ber., 1905, 38, 1661. 

^ Martin and Kipping, Trans, Chem. Soc,, 1909, 95, 302. 

» Robison and Kipping, Trans. Chem. Sqq.^ 1908, 93, 

* Ladenburg, Annalen, 1874, 173, 143, 

® Ladenburg, ibid., 1872, 164, 300. 
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chloride. Ethyl triethoxy silicon or ethyl trimethoxy sihcon with hydro- 
gen iodide or aqueous ammonia yields ethylsiliconic acid : ^ 

C,H5Si(OC2H5)3+3HI=C.,H5.SiO.OH+3C2H5H-HaO 

This equation represents the most convenient method of preparation.^ 
It may also be isolated when Nordhausen sulphuric acid reacts with 
triethylsilicol : 

{C2H5)3Si{0H)+S03=C2HsSi0.0H+2C2H4+H2+S02 

The acid is an amorphous powder. 

Propylsili conic acid or Silico -butyric acid is produced by allow- 
ing propylsilicon trichloride to drop into ice-water.^ It is insoluble in 
the usual solvents, and is a hard, solid mass, which can be ground into 
a powder which is infusible. 

Isoamylsiliconic acid or Silico-hexoic acid is prepared in the 
same way as the above body. It is a hard, brittle solid, with no definite 
melting-point, and is easily soluble in alcoholic potassium hydroxide, 
ether, benzene, or chloroform, but is sparingly soluble in alcohol. 

Alkyl Derivatives of the Type R 3 Si — SiR 3 . 

Hexamethylsilicoethane ^ is formed from silicon hexachloride, 
Si 2 Cl 6 , by methyl magnesium bromide. It boils at 112° to 114° C, 

Hexaethylsilicoethane ® is prepared by the interaction of sihcon, 
hexa-iodide and zinc diethyl. It is a liquid, B.pt. 250° to 253° C., having 
a density of 0-8510 at 0° C. and 0-8403 at 20° C. 

Aromatic Derivatives. 

Table I. on next page shows the modes of passing from one compound 
to another, using the phenyl derivatives as examples. 

Table II. shows the condensation products obtained from diphenyl- 
silicanediol^ and similar compounds are obtained from dibenzylsili- 
canediol. 



Aryl Derivatives of the Type R^Si, 

Tetraphenylsilicane, (06115)481.® — This is prepared according to 
the equation, 

SiCl4+4C6H5Cl+8Na=Si{C6H5)4-b8NaCl 

in the following manner. Sodium granules, 23 grams, are slowly added 
to 20 grams of silicon tetrachloride, 56-2 grams of chlorobenzene and a 
little ethyl acetate in anhydrous ether. It is necessary to cool during the 
reaction, and after shaking several hours the deep bine powder is filtered 
off and washed with dry ether. Four-fifths of the filtrate is then 
distilled off, and a white, crystalline powder obtained, which after 

^ Ladenburg, Ber., 1872, 5, 1081. 

2 Ladenburg,* Aww. Pharm., 1872, 164, 300. 

® Melzer, Rer„ 1908, 41, 3390. 

* Bygd^n, Ber., 1912, 45, 707. 

* Friedel and Ladenburg, Ann. Chim. Phys., 1880, [5], 19, 401 j Annalen, 1880, 203, 
251. 
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washing with hot water and drying is crystallised from benzene.^ 
The compound belongs to the tetragonal system. It melts .at 233° 
C., and boils without decomposition above 530° C. It has a density 
of 1-078 at 20° C. In the above preparation of silicon tetraphenyl 
a by-product is produced in small quantities,^ M.pt. 148° C., and 
this is triphenylsilicol, identical no doubt with that from the 
decomposition of triphenylchlorosilicane with water, M.pt. 139° to 
141° c:^ 

Tetra-p-tolylsilicane, Si(C 6 H 4 CH 3 ) 4 , is produced in the same way 
as silicon tetraphenyl, but using p-bromotoluene. It forms colourless, 
transparent crystals, M.pt. 228° C., density 1-0793 at 20° C., readily 
soluble in hot benzene and sparingly soluble in chloroform or ether. 

Tetra-m-tolylsilicane is similarly prepared from m-bromotoluenc.^ 
It forms long prisms, M.pt. 150-8° C., density 1-1188 at 20° C. 

Tetrabenzylsilicane is prepared by using benzyl chloride. The 
reaction is not so vigorous as with chlorobenzene, and after some time 
the product is warmed on a water-bath before filtering. After washing 
the residue with dry ether and distilling off the latter, a fuming oil 
remains, which when treated with ligroin yields a white, crystalline 
powder. This is recrystallised from warm ether and melts at 127-5° C. 
It is easily soluble in benzene or chloroform, fairly soluble in warm 
ether, but sparingly soluble in alcohol. The yield is not so good as in 
the case of the preceding compounds, dibenzyl being produced, and 
probably a benzyl silicon chloride, B.pt. 160° to 180° C. Tetrabenzyl- 
silicane distils unchanged above 550° C. 

Tetranitrophenylsilicane ^ is prepared by nitrating silicon tetra- 
phenyl. Ten parts of this compotmd are cooled in ice and salt mixture 
and 60 parte of fuming nitric acid with 80 parts of concentrated sul- 
phuric acid slowly added in small quantities. The product is filtered 
through glass-wool, then poured into a large volume of water while 
stirring. A snow-white precipitate is formed which is dried in the air 
at room temperature. When dry it is a pale yellow compound, M.pt. 
93° to 105° C., easily soluble in benzene, chloroform, or hot acetic acid, 
and insoluble in alcohol or light petroleum. It explodes above its 
melting-point. 

Triphenylmethylsilicane ^ is prepared by the action of magnesium 
methyl iodide on triphenylsilicon chloride, and heating the product at 
130° C. for three hours. It is recrystallised from petroleum ether and 
melts at 67° to 67-5° C. 

Phenyltrimethylsilicane ® is obtained from phenyl silicon tri- 
chloride by interaction with methyl magnesium bromide, and boils at 
171-5° to 171-7° C, It is a transparent, highly refractive liquid, with a 
characteristic odour. 

Benzyltrimethylsilicane occurs from the interaction of benzyl- 
trichlorosilicane and methyl magnesium bromide. It boils at 191-2° to 
191-4° C., is isomeric with phenyldimethylethylsilicane and is a colour- 
less Hquid, having a strong odoiur resembling anisole.® 

' Polis, Ber., 1886, 19 , 1012. 

“ Kipping and Lloyd, Proc. Chem. Soc., 1899, 15 , 174; Trms. Chem. Soc., 1901, 79 , 
449. 

** Polls, foe. cit. 

* Marsden and Kipping, Tram, Chem, Soc., 1908, 93 , 198. 

« Bygden, Per., 1912, 45 , 707. 




ORGANOMETALLIC DERIVATIVES OF METALS OF GROUP IV. 263 

Triphenylethylsilicane is formed by the action of zinc ethyl on 
triphenylsilicon bromide.^ Two products are formed, triphenylethyl- 
silicane and triphenylsilicane ; the first is soluble in cold acetone, and 
the second soluble only with difficulty. Triphenylethylsilicane forms 
plates, M.pt. 72° to 74° C.^ It may also be prepared from triphenyl- 
silicon chloride, using excess of ethyl magnesium bromide.^ 

Phenyltriethylsilicane^ is produced when phenylsilicon trichloride 
and zinc ethyl, in equal quantities, are heated in a sealed tube for one 
hour at 150° C. The gas pressure in the tube is then released and the 
heating continued at 160° C, and finally at 165° C. After treating 
the product with water, and then hydrochloric acid, an oil is formed 
which is taken up in ether, washed, dried, and distilled. The product, 
B,pt. 230° C.,is phenyltriethylsilicane, a colourless, faintly fuming liquid, 
soluble in ether and insoluble in water. It bums with a sooty flame and 
has a density of 0*9042 at 0° C. Diphenyldiethylsilicane, B.pt, 305° 
to 315° C,, is formed as a by-product: 

2Si(C2H5)3(CeH5) = (CeH5)2Si(C2H5)2+Si(C,H6), 

Phenyltriethylsilicane gives the following reactions : — ® 

1. CcHsSi(C2H5)3+HN03=CeH4N02.Si(C2H5)3+H20 

2. CeH 5 .Si(C 3 H 5 ) 3 +H 2 S 0 ,-C 6 H 4 HS 03 .Si(C. 3 H 5 ) 3 +H 20 

3. C6H5Si(C2H5)3-t-H2S04-{C2H5)3Si0H-t-C6H5.S03H 

Hot. 

4. CcH5Si(C2H5)3+Cl2 =C6H4Cl.Si(C2H5)3-hHCl 

The above chlorine substitution product (4) boils at 260° to 265° C., 
density 1 *0185 at 0° C., is insoluble in water, has a faintly aromatic odour, 
and bums with a green flame, leaving a deposit of silica.® 

Diphenyldimethylsilicane is obtained by acting upon dichloro- 
diphenylsilicane with an excess of magnesium methyl iodide. It boils 
at 176° to 178° C. at 45 mm.’ 

p-Bromophenyltriethylsilicane ® is formed from ethyl magnesium 
bromide and p-bromophenyl silicon trichloride. It boils at 149° C. at 
14 mm., and has a density of 1*1643 at 21° C. The magnesium com- 
pound of the silicane reacts with acetaldehyde and higher aldehydes to 
form derivatives of the type Si(C 2 H 5 ) 3 .CgH 4 .CHR.OH (see Appendix, 
Table VIa).® 

p-Chlorophenyltriethylsilicane is prepared as above. It is a 
colourless, faintly fuming oil, B.pt. 137° C. at 14*5 mm. ; density 0*9971 
atl8°C. 

1 Ladenburg, Ber., 1907, 40, 2274. 

2 Marsden and Kipping, Trans. Ch&m. Soc., 1908, 93, 198. 

® Marsden and Kipping described the compound as forming rhomboidal prisms, M.pt. 
76° C., soluble in ether, chloroform, benzene, ethyl acetate, acetone, or light petroleum, 
moderately soluble in alcohol and insoluble in water. 

* Friedel and Ladenburg, Annahn, 1871, 159, 259. . 

® Ladenburg, Annahn, 1874, 173, 160. 

® Bygd6n (Ber., 1912, 45, 707) obtained phenyltriethylsilicane from phenylsilicon 
trichloride and 4*2 mols. of ethyl magnesium- bromide, and found its boiling-point to lie 
between 238*2° and 238*4° C. 

’ Kipping, J. Chem. Soc., 1927, p. l04. 

® Grflttner and Krause, Ber., 1917, 50, 1559. 

* Griittner and Cauer, Ber., 1918, 51, 1283. 

Bygd4n, loc. cit. 
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p-Iodophenyltriethylsilicane is formed from the magnesium 
compound of p^bromophenyltriethylsilicane, (C 2 H 5 )ySi.CgH 4 .MgBr, by 
the action of iodine. It boils at 165° C. at 13 mm. ; density 1-3342 
at 16° C. 

p-Ghlorophenyltri-n-propylsilicane is obtained from p*chloro- 
phenylsilicon trichloride and n-prop)d magnesium chloride. It is an oil 
with a faint odour, B.pt. 160° C, at 14 mm . ; density 0-9663 at 14° C. 

The refractivities of the above compounds are shown in Table VI. 
of the Appendix. 

Phenyldimethylethylsilicane, (CH 3 ) 2 (C 2 H 6 ){C 6 H 5 )Si,^ is best pre- 
pared from phenylethylsilicon dichloride, whicli is obtained according 
to the equation : 

C2H5SiCl3+C6H6MgBr = {C2H5)(C6H,)SiCl2-l-MgClBr ■ 

(1 mol.) (M mol.) 

By the action of methyl magnesium bromide on the above dichloride, 
the desired silicane is produced, B.pt. 197-6° to 198-6° C. The product 
is not quite pure. 

Benzylethyldipropylsilicane ^ is obtained from benzylethyl- 
propylsilicon chloride by the action of magnesium propyl bromide. It 
boils at 280° C., and is a colourless, mobile liquid. It is converted iato 
benzylethyldipropylsilicane sulphonic acid, (C 2 H 5 )(CgH 7 ) 2 .Si.CH 2 .CgH 4 . 
SOgH. by chlorosulphonic acid in chloroform solution. The l-menthyl~ 
amine salt, Si.C. 2 H 5 (C 3 H 7 ) 2 CH 2 .C 6 H 4 S 03 H.CigHi 9 NH 2 , prepared from 
the ammonium salt, is a colourless solid. The cinchonidine salt melts at 
194° to 195° C., and has the value [a]n —72°. The cinchonidine hydrogen 
salt melts at 222° to 224° C. The quinine salt has a melting-point of 
175° C., and [a]o -112-3°. The quinine hydrogen salt melts at 223° 
to 224° C. The Z-menthjdamine, cinchonidine, and quinine salts are 
very similar to the corresponding salts of dhbenzylmethylethyl- 
propylsilicane sulphonic acid, which seems to point to the fact that 
the latter are merely mixtures of their optically isomeric components. 

Dibenzylethylpropylsilicane ^ is prepared by the interaction of 
benzylethylpropylsilicon chloride and magnesium benzyl chloride. The 
body is easily acted on by chlorosulphonic acid, like all silicon hydro- 
carbons containing a benzyl group. Sulphonation under suitable 
circumstances gives a mono acid wfcch is usually accompanied by a 
disulphonic acid. Dibenzylethylpropylsilicane is a colourless liquid, 
lighter than water. It is miscible with most organic solvents, and has 
a violet fluorescence. The l-menthylamine salt, 

C6H5CH2.Si.C2Hs.C3H7.CH2.CgH4.SO3H.C40H19NH2.2H2O 

crystallises from moist petroleum ether in plates, and is similar to the 
corresponding salt of the monosulphonic derivatives of benzylmethyh 
ethylpropylsilicane. 

Phenylmethylethylpropylsilicane * is produced by the action of 
methyl magnesium iodide on phenylethylpropylsilicon chloride. It is a 
mobile liquid, B.pt. 228° to 230° C., and is decomposed by sulphuric acid, 
giving apparently benzene and methylethylpropylsihcol. 

1 Bygden, Ber., 1912, 45, 707. 

Marsden and Kipping, Proc. OUm. Soc., 1908, 24, 12 ,- Trans, Chem, Soc., 1908, 
93, 198. 

® Challenger and Kipping, Trans, Chem, Soc,, 1910, 97, 142. 

* Kipping, Proc, Chem, Soc., 1905, 21, 65,- Trans, Chem, Soc,, 1907, 91, 209- 
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Phenylbenzylethylpropylsilicane is prepared by the action of the 
benzyl Grignard reagent on phenylethylpropylsilicon chloride. The com- 
pound is a colourless, highly refractive liquid, lighter than water, B.pt» 
249° to 251° C. at 100 mm., and is readily decomposed by sulphuric acid, 
giving benzene and benzylethylpropylsilicol or the corresponding ether, 
(Si.CgHs.CgHy.CeHgCHo^aO. When this decomposition product of 
phenylbenzylethylpropylsilicane is heated with sulphuric acid it 
undergoes sulphonation, but only one acid of the several formed has 
been separated. It seems to have the composition 

Si.C2H5.C3Hj.OH.CH2.C6H4.SO3H 

Benzylmethylethylpropylsilicane is prepared in the same way 
as the corresponding phenyl compound, using methyl magnesium iodide 
and benzylethylpropyl silicon chloride.^ It is a mobile liquid, B.pt> 177° 
C. at 100 mm. Sulphuric acid at 130° C. sulphonates the body, forming 
a mixture of acids, two of which have been separated in the form of their 
hmenthylamine salts, Analysis apparently points to one being derived 
from benzylethylpropylsilicolsulphonic acid, and therefore its formula is 

C2H5.C3Hj.Si(OH).CH2C6H4.S03H.CioHi9NH2 

Being only produced in small quantity, it has not been very thoroughly 
investigated. The salt crystallises in prisms, M.pt. 210° to 212° C- 
The second l-menthylamine salt ha>s the composition, 

Si(CH3)(C2H5)(C3Hj)CH2.C6H4.S03H.CioHic,NH2 

and can be more readily formed by sulphonation of benzylmetliylethyl- 
propylsilicane with chlorosulphonic acid. It crystallises with 2 mols. 
of water' of crystallisation from wet petroleum ether, and the dehy- 
drated salt melts at 122-3° C. The l-menthylamine, quinim, cinckoni- 
dine, cinchonhie, narcotine, and several other salts of the above dl~ 
silicane sulphonic acid have been fractionally crystallised under different 
conditions, but no indication of resolution of the acid has been observed. 

Benzylethylpropylisobutylsilicane ^ is obtained from benzyl- 
ethylproj^ylsilicon chloride by isobutyl magnesium bromide, and is a 
colourless liquid resembling a hydrocarbon, B.pt. 282° to 283° C. It 
is sulphonated by chlorosulphonic acid, as in the case of the previous 
compound containing more closely related groups, and the l-menthyl- 
amine salt obtained. After fractionally crystallising this it cannot be 
resolved. Several other salts have been made using active bases. The 
extreme fractions of the hydrogen salts of quinine, cinchonine, and 
cinchonidine have been investigated, but, except for the last case, the 
melting-points and specific rotations of these fractions of a given salt 
are identical within limits of experimental error. In the cinchonidine 
hydrogen salt two fractions investigated are thus : most readily 
soluble fraction, [a]D+fiI*6°; sparingly soluble, [a]D+72-7°. One 
crystallisation from ethyl acetate and methyl alcohol gives results 
-l-57-l° and 73*8°, and the decomposition points of the fractions are then 
identical (220° to 223° C.). The next most readily soluble fraction 
gives +62 -5°, and the decomposition point is the same as the above. 

1 Kipping, Proc. CTi&m,. Soc., 1905, 21 , 65 ; 1907, 23 , 83 ; Trans, Chem, Soc„ 1907, 
92 , 717. 

® Kipping and Davies, Proc. Chem. Soc., 1909, 25 , 9 ; Trans, Chem, Soc., 1909, 9S» 68 * 
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Further results have failed to show resolution. Possibly they are 
resolved under certain conditions, but the enantioraorphous relationship 
between the two optically active acids is difficult to establish. 

Aryl Derivatives of the Type RgSiX. 

Triphenylchlorosilicane, (CeH5)3SiCl, is prepared ^ from tetra- 
phenylsilicane and phosphorus pentachloride : 

(C6H5),Si+PCl5=(C6Hs)3SiCl+CeH5CH-PCl3 

It forms colourless crystals, fuming slightly in air, M.pt. 8S to 89 C. 
This substance may be distilled under reduced pressure without de* 
composition, but hydrogen chloride is evolved when it is distilled at the 
ordinary pressure. It is readily soluble in light petroleum, anhydrous 
ether, benzene, chloroform, or carbon bisulphide, but in absolute alcohol 
it yields the corresponding ester. The chloro-compound undergoes 
rupture at the phenyl-silicon linking when treated with metallic sodinrn 
in liquid ammonia. Triphenylchloi-osilicane combines with 2 mols. of 
ammonia, giving a product which on decomposition yields triphenyl- 
silicylamine, M.pt. 55° to 56° C.^ 

Triphenylbromosilicane ® is obtained by warming tetraphenyl- 
silicane with the molecular quantity of bromine on a water-bath, t^^^^ 
10 per cent, bromine is added and the whole heated to 150 C, for eight 
or ten hours. 

(C6H5)4Si+Br2 = (CsH5)3SiBr+CeH5Br 

The residue is treated with ligroin, the solvent distilled off, and the 
bromobenzene removed in vacuo, when impure bromide remains. ^ It 
forms colourless, small needles, fuming slightly in air, M.pt. 118 to 
120° C., and is easily decomposed by water or alcohol. It is readily 
dissolved by ether or hot benzene, but is difficultly soluble hi ligroin. 
The yield is about 30 per cent. ^ , 

Triphenylsilicon acetate, (C 61^5)38!. OCOCH3, is produced by 
boiling triphenylsilicol with acetyl chloride.'^ It forms colourless 
prisms, M.pt. 91° to 92° C. ^ 

Tribenzylchlorosilicane ® crystallises in prisms, M.pt. 141 C., 

B.pt. 300° to 360° C. at 100 mm. Water decomposes it into tribcnz.yl- 
silicol. 

Dipbenyletbylcblorosilicane is obtained by working up the by- 
product, B.pt. above 240° C., in the preparation of phenylethylsihcoii 
di chloride, which is isolated from phenyl magnesium bromide and ethyl 
silicon trichloride. Itis a colourless liquid, B .pt. 206° to 208° C . at 50 mm. 
The corresponding methyl cornpound boils at about 180° to 195 C. 

Dibenzyletbylcblorosilicane occurs in the preparation of benzyl- 
ethyl silicon dichloride, using benzyl magnesium chloride on ethyl 
silicon trichloride.® It is a colourless oil, fuming in moist air, and is 

* Polls, Ber., 1886, 19, 1012. 

2 Kraus and Rosen, J. Amer. Chem. Soc., 1925, 47, 2739. 

® Ladenburg. Ber., 1907, 40, 2274. 

* Kipping and Lloyd, Proc. Chem. Soc., 1899, 15, 174 ; Trans. Chem. Soc., 1901, 

44;9i 

® Marsden and Kipping, Proc. Chem. Soc., 1908, 24, 25 ; Martin and Kipping, Trans. 
Chem. Soc., 1909, 95, 302. 

® Kipping, Proc. Chem. Soc., 1905, 21, 66 ; Challenger and Kipping, Trans. Chem. Soc., 
1910, 97, 142. 




ORGANOMETALLIC DERIVATIVES OE METALS OF GROUP IV. 267 

decomposed by water into the silicol, this spontaneously passing into 
the compound [(C8H5CH2)(C2H5)Si]20, M.pt. 56° C., when kept over 
sulphuric acid for a time. 

Phenylethylpropylchiorosilicane ^ is the principal product from 
the interaction of phenylethylsilicon dichloride and propyl magnesium 
bromide. Its boiling-point is not very definite (about 250° to 260° C.), 
and it is a colourless, refractive, mobile liquid, fuming in air, and readily 
decomposed by water. 

Benzylethylpropylchlorosilicane is produced from benzylethyl- 
silicon dichloride (1 mol.) and propyl magnesium bromide (1 mol.). 
It is a colourless, fuming, mobile liquid, which generally becomes pink, 
and is immediately decomposed by water, yielding the corresponding 
silicol and oxide. It boils at 172° to 176° C. at 50 mm., and the yield 
is 50 to 60 per cent, of the theoretical. 

Benzylethylisobutylchlorosilicane.2 — By the action of isobutyl 
magnesium bromide on benzylethyl silicon dichloride the above com- 
pound is produced. It has the same properties as the preceding body, 
and boils at 198° to 202° C. 



Aryl Derivatives of the Type R 2 SiX 2 .® 

Diphenylsilicon dichloride ^ is obtained from triphenylchloro- 
silicane and phosphorus pentachloride. It is a colourless liquid, B.pt, 
230° to 237° C. at 90 mm. It also occurs by the interaction of silicon 
tetrachloride and phenyl magnesium bromide.® Silicon tetrachloride 
(170 grams) is stirred, cooled to 0° C. and 2-25 mols. of phenyl 
magnesium bromide in ether very slowly added. After allowing the 
whole to stand for twelve hours with occasional shaking, it is refluxed 
for three hours, then filtered in the absence of moisture® and washed 
with ether. The ether is removed by distillation, and after standing 
half an hour the remaining oil is refiltered and distilled at 50 mm. 
Three fractions are obtained : 

1. 110° to 120° C,, phenyl silicon trichloride. 

2. 190° to 225° C., diphenyl silicon dichloride. 

3. 260° to 300° C., triphenyl silicon chloride. 

Fraction 2 on redistilling gives a colourless oil, fuming slightly in 
moist air, B.pt. 202° to 204° C. at 45 mm. 

^ Kipping, Proc, Chem. Soc., 1904, 20, 15 ,* 1905, 2i, 65 ; Trans, Chem, Soc,, 1907, 91, 
209. 

* Luff and Kipping, Proc. Ghem. Soc., 1908, 24, 224 ; Trans. Chem. Soe., 1908, 93, 
2004. 

® A possible impurity in diphenylsilicon dichloride may be diethoxydiphenylsilicane 
(Kipping, Chem. Soc., 1927, p. 2734), and the B.pt. of the latter compound differs little 
from that of the dichloride, as seen from the following figures ; — 

SIPh2(0Et)a, 197° to 198° C. at 50 mm. ; 217° to 218° C. at 100 mm. ; 302° to 304° G. at 
767 mm. ‘ SiPhjCla, 199° to 202° C. at 50 min. ; 222° to 224° C. at 100 mm. ; 302° to 305° C. 
at 767 mm. The sillcane Is specifically heavier than water and miscible in common sol- 
vents. An alcoholic solution in the presence of a little alkali yields trianhydrotrisdiphenyl* 
slUcanedlol, and It is also slowly hydrolysed by dilute sulphuric acid. 

* Polis, Ber., 1886, 19, 1012. 

® Dilthey and Eduardoff, Ber., 1904, 37, 1139,- Kipping, Trans. Chem. Soc., 1912, 
loi, 2108 ; see Kpping and Murray, J. Chem. Soc., 1927, p. 2737. 

® Kpping, Trans. Chem. Soc., 1907, 91, 216. 
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By the action of mercuric oxide on thi.s compound, an oxide, 
[SiPhgOjjj, has been obtained.^ 

Diphenyl silicon dibromide. 2 — In the preparation of iTiphcnyl- 
bromosilicane from tetraphenylsilicane and bromine the above compound 
is also formed. It boils between 175° and 183° C. at 12 min. 

Dibenzyl silicon dichloride — In the preparation of benzylethyl 
silicon dichloride an oily by-product is formed, which in addition to 
dibenzyl and other sihcon compounds contains dibenzyl silicon dichloride. 
It melts at 50° to 52° C., fumes in air, and decomposes with water, o-iving 
the diol. By mercuric oxide it is transformed to a ‘polymerised form 
of SiBzjO, soluble in ether, acetone, or benzene.'^ 

Phenylethyl silicon dichloride is prepared from ethyl silicon 
trichloride and phenyl magnesium bromide. It boils at 228° to 232° C. 
and is a highly refractive liquid, fuming strongly in moist air. 

Benzylethyl silicon dichloride is obtained as above, using the 
benzyl Grignard reagent. To avoid formation of too much dibenzyf 
the reaction is carried out at 0° C. The two products obtained are 
benzylethyl silicon dichloride and dibenzylethyl s-ilicon chloride. The 
former is a mobile, fuming hquid, B.pt. 169° C. at 100 mm. 

Aryl Derivatives of the Type RSiXg. 

Phenyl silicon trichloride.-— This compound is made from silicon 
tetrachloride and mercury diphenyl.^ The two ai*e heated at 300° C. in 
sealed tubes and the product fractionally distilled. The tii chloride is a 
colourless liquid, B.pt. 197° to 198° C. ; it fumes in air and is slowly 
decomposed in cold water, more rapidly on warming or addition of 
ammonium hydroxide. It bums with a sooty flame, depositing silica : 

SiCl,+Hg(C^l5)2=C6H5SiCl3+C«H5l-T8‘Cl 

Kipping prepared the body using the Grignard reagent.''’ One mole- 
cule of silicon tetrachloride and 1-25 1110 Is. of phenyl niagnc.siiim 
bromide are used, and the experiment carried out as for diphenyl sihcon 
dichloride. The crude body is collected between 110° and 120° C. at 50 
mm. and purified by repeated distillation under reduced pressure. Fifty 
grams of trichloride, B.pt. 198° to 200° C., are obtained from 120 gram.s 
of silicon tetrachloride. The compound is hydrolysed by ice-cold water 
or ammonium hydroxide solution,’ and the results seemed to point to 
the formation of condensation products, similar to those of the diaryl- 
silicanediols, and not phenylsiliconic acid, CgHsSiOjH., by elimination 
of water from C 6 H 5 Si(OH) 3 . This view supports the possibility that 
the so-called siliconic acids are merely mixtures. At lower tempera- 
tures, the products of hydrolysis are possibly largely condensation 
products of the composition CgUgSiOaH or xC 6 H 5 Si(OII) 3 — xH.p, 
and at ordinary temperatures higher condensation products are formed 

' Vyle and Kipping, Trans. Chem. 80 c., 1924, 125, 2616. 

^ Ladenburg, JBer., 1907, 40, 2274. 

* Robison and Kipping, Trans. CJiem. 80 c., 1908, 93, 439 ; Martin and Kipping, 1909, 
9S> 302. 

‘ Vyle and Kipping, he, eit. 

^ Eriedel and Ladenburg, A‘nnaUn, 1871, 159, 259 ; Ladenburg, Ber„ 187.3, d, 379. 

® Kipping, Trans. Ckem. Soc., 1912, loi, 2106 ; Meads and Kipping, Trans. Chem. 
Soc., 1914, 105, 679. 

’ Meads and Kipping, ibid. 
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approximatiBg to the formula {CgH5Si0)20. For dciivatives from the 
trichloride and magiicshmi p*bromopheuyl bromide (see Appendix, 
Table VIa).i 

p-Chlorophenyl-silicon trichloride " is obtained from silicon 
tetrachloride and the magnesium compound of p*chlorobromobenzene. 
It is a colourless oil, B.pt. 105° C, at 15 mm., and is hydrolysed by water 
to the ‘‘ so-called siliconic acid,” an amori^hous powder 

p-Bromophenyl silicon trichloride is similarly prepared from 
the inagncsinm compound of p-dibromobenzene and silicon tetra- 
chloride. It is a faintly fuming oil, B.pt. 120° to 125° C., and is also 
hydrolysed by water. With alcohol it forms esters of the type 
C 6 H 4 .Br.Si(OK ).3 (see .Appendix, Table VIa).® 

p-Tolyl silicon trichloride.^ — Tetrachloro-silicane and mercury 
di-p-tolyl are heated in sealed tubes at 300° to 320° C., when the above 
compound occurs as a strongly refractive, fuming liquid, B.pt. 218° to 
220° C. It is found to bo decomposed by n‘atcr, giving a compound 
having the api)arcnt composition CylljSiO.,!!, and tliis wlien heated at 
200° U. .seems to be transformed into the oxide, (C 7 ll 7 Si 0 ) 20 . 

Benzyl silicon trichloride ^ is produced when benzyl magnesium 
chloride is allowed to interact with silicon tetrachloride. It Is a 
transparent, strongly fuming liquid, with a powerful odour, density 
l-283f, B.pt. 94° to 90° C. at 11 uim. 

a-Naphthyl silicon trichloride is produced in the above manner 
and is similar to the ]ucecdhig compound, density 1*3700, B>pt. 165° to 
170° C. at 22 mm. 

Arijl fh’iiz-afiveti of the Type ll 3 Si(OH). 

Triphenylsilicol, (C{jIl5)3Si(011),‘= is foiined from triphenylchloro- 
silicane by }>oiling with water and a little annuoiiiran hydroxide. It is 
also ])roduced from the bromide by potas.sium hydroxide solution at 
120° C. It is easily soluble in alcohol, cthei*, chloroform, or benzene, 
and may Ijc erystallise'd from acetone, M.pt. 139° to 14<1° C. (Polls), 
148° to 1.50° C. (Ladenburg). The compound is also prepared by 
treating the silicone, (OgllgjoSiO, with the Grignard reagent.’^ Pre- 
pared thus it crystallises in prisms, M.pt. 150° to 151*5° C. (Marsden 
and Kipping). 

Triphenylsilicol trisulphonic acid, (C 6 H 4 SOgH) 3 Si(OII), is made 
by gently warming one part of the above silicol with six parts of fuming 
sulphuric acid. When it is all dissolved, the solution is poured into cold 
water, neutralised with barium c-arbonate, then gently warmed and 
filtered from barium sulphate, lfvaj)oration of the hltrate yields the 
barium salt in white flakes. 

Trisulphonate of trinitrophenylsilicol.- *The above compound 
is nitrated, using five parts of fuming nitric acid, whilst strongly cooling 

1 GriiUner and Canor, Her., 1918, 51, 1283. 

® (Irilttner and Kravso, Her., 1917, 50, 1.750. 

® Griittner and Oaiier, ho, eit. 

* liadfuiburg, Annukn, 1874, 173, 160 ; B&r., 1874. 27, 803. 

® Mtdzpr, Her., 1908, 41, 3390; Maiiin aii<l Kijiping, Tmiut. Chem. Hoc., 1909. 95, 
302. 

® Polls, Her., 1886, tg, 1012 ; Ladenburg, Her., 1907, 40, 2274. 

’ Kipping and Idoyd, Proc. Chem, Hoc., 1899, iS, 174 ; Marsden and Kipping, Trans. 
Chem. 80 c., 1908, 93, 198. 
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the mixture, The product is poured into cold water, partly evaporated 
to remove some of the nitric acid, then again diluted and neutralisecT 
with barium carbonate. An intense yellow solution is formed, this after 
filtration and evaporation yielding the barium salt of the compound as 
yellow crusts, which are recrystallised from water. 

Phenylmethylethylsilicol.^ — Phenylethylsilicone is first prepared 
from phenylethyl silicon dichloride by hydrolysis, and the silicone then 
allowed to interact with methyl magnesium iodide. The product is 
contained in the fraction boiling at 115° C. at 17 mm. It is a colourless, 
mobile hquid, practically insoluble in water, and on standing slowly 
passes to the oxide which produces a turbidity, 

Phenyldiethylsilicol is also prepared from the silicone, as in the 
case of the previous compound. It boils at 165° C. at 60 nun. With 
water it is slowly decomposed, probably yielding pheiiyldiethylsilicyl 
oxide. 

Phenylethylpropylsilicol" is formed from phenylcthylpropyl silicon 
chloride by treating it with p*toluidine in diy ether. The ether 
is distilled off and the residue warmed with sodium, then fractionated. 
It has similar properties to the above, and boils at 250° C. 

Tribenzylsilicol ® is prepared from benzyl silicon trichloride, which 
with cold water yields benzyl meta-silieic acid. This, with a large 
excess of benzyl magnesium chloride, and heating the reaction mixture 
to 220° C., gives the sihcol, the dibenzyl being removed by steam-dis" 
tillation. The remaining pasty mass is extracted with ether, and the 
silicol distilled at 250° to 300° C, at 20 mm. The fraction solidifies and 
is crystallised from chloroform and light petroleum, M.pt. 104° C. The 
yield is only 5 grams from 14 grams of the acid. It has also been pre- 
pared using excess of Grignard reagent,^ or from tribenzylchloro- 
silicane using moist alcohol.® 

Dibenzylmethyl silicol is formed from dibenzylsilicone, M.pt. 98° C., 
using ethereal methyl magnesium iodide and heating at 200° C, for one 
hour after distilling off the ether. An oily product is isolated, which 
mostly distils between 240° and 242° C. at 60 mm. 

Dibenzylethyl silicol is obtained also as an oil, and passes spon- 
taneously into dibenzylethylsilicyl oxide, M.pt. 54° C. 

Benzyldiethylsilicol is isolated from benzylethylsilicone by 
gradually adding it to the ethyl Grignard reagent (1-5 mols.). The 
residue is finally heated to 190° C. for an hour, then treated when 
cold with water. The oil is extracted with ether, and 60 per cent, 
comes over at 165° C, at 40 mm. It is a colourless liquid, miscible 
with most organic solvents and decomposes slowly to oxide, deposit- 
ing globules of water, and becoming cloudy. With acetyl chloride 
this silicol does not give the corresponding chloride, as in the case of 
tribenzylsihcol. 

Benzylethylpropylsilicol may be obtained by two methods : 



138. 



1 Kipj)ing and Hackford, Trans. Chem. Soc., 1911, 99 , 138, 

2 Kipping, Trans. Chem. Soc., 1907, 91 , 209. 

» Kipping and Hackford, Proc. Ohem. Soc., 1911, 27 , 8 ,- Trans. Chem. Soc., 1911, 99 , 



« DUthey and Eduardoff, Ber., 1905, 38 , 4132. Diltliey and Edual-doff give tliu 
melting-point 106° C., and describe the body as crystallising from alcohol in. long 
colourless needles. 

^ Robison and Kipping, Trans. Chem. Soc., 1908, 93 , 439 . 
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1. By the decomposition of bcivzyletliylpropylchlorosilicane with 
water. ^ Two produets result- one j)os,sibly being the ether, 

(C6ir3CHo.Coii5-C3ri7.si),o 

B.pt. 255'^ C. at 25 null., but the phiicipal product is the silicol, B.pt. 
155° C. at 25 min. The silieaiie used in the preparation is formed from 
beTizyicthyidichlorosilicane and propyl magnesium bromide- 

2 . From bcnrylethylsilicone, C 6 li 5 Cn 2 .C 2 H 5 .SiO, and propyl mag- 
nesium bromide. The mixture is heated to 190° C., then decomposed by 
water.- 

Bcnzylcthylpropylsilicol is easily sulphonated, gi%dng Uoo acids at 
least. The ammannvm salt of one seems to show it is derived from the 
acid of constitution. 



C2l!5.C.3ll7.>Si{OH).CH2.C6H,iS0.5FI 

but molecular weight fleterminations indicate polymerisation or con- 
densation- Siilphonation of the pure oxide, irsing e.hlorosulphonic acid, 
appears to give similar acids to those obtained from the silicol, the 



constilniion being 



C. 2 H 5 Colls 



SO-sihCgll iClIa.Si -0 -Si.Cn2C6lIiSO.,H 



C 3 H, C 3 H, 



Beiizylethylisobutyl silicol ^ is formed when the corresponding 
cliloride i-s treated with water. It boils at 162° to 164° C. at 25 mm. In 
each case, when the cliloride, oxide, or silicol is sulphonated, the product 
is a mixture from whiejh the dhaeid, sulphobenzylethylisohiitylsilicyl 
mide is i.solatcd a.sits l-moifhylannnr Halt, 

[8i.C„n5.CiH9.C.ll2.C6n,S05H]20.2CioH2iN.4H20 
IVl.})t. 240° to 245° C. and [a]o --14-7°iii methyl alcohol solution. 



Ai-yl Derivatives of the Type 

Diphenylsilicanediol and its condensation products have been 
studied by Kipping wdth interesting results.* It may be prepared from 
8 grams of silicon tetrachloride and 17 grams of phenyl magnesium 
bromide in the following manner : 

During addition of the tetrachloride the mixture is carefully cooled, 
and then allowed to remain at room temperature until the greenish 
precipitate does not increase, Then the product is decomposed with 
icc*w'atcr, extracted with ether, and the solvent distilled off. The 
residue on crystallisation from benzene gives a 25 to 30 per cent- yield 
of the diol, which form.s glistening needles, M.pt- 188° to 139° C- It 
is easily soluble in other or chloroform, but sparingly soluble in ligroin. 

^ Kipping- Pmc. Okem, liK)5, 21 , (W j Trans, Ghem. Boc., 1907, 91 , 717. 

® Kipping and Haokford, Tram, (rhmk Boc., 1911, 99 , 138. 

* Ltiff and Kip]>ing, Proc. Ghem, Bor., 1908, 24 , 224 ; Trans. OMm. 80 c., 1908, 93 , 
2004. 

‘ Kinpliig, Froc. G/tem. Boc., 1912, 28 , 243, 244, 245 ; Trans. Ghem. Boa., 1912, toi, 
2108; Kipping and Robison, Froc. (Jhem. Boc., 1913, 29 , 374 ; Tram. Ghem. 80 c., 1914, 
105 , 484. 

* Dllthoy and Rer., 1904, 37 , 1139. 
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It may be dried at 100° C. without decomposition. Further heating at 
a higher temperature causes elimination of 1 mol. of water, but the 
remaining mass is gelatinous and has no definite melting-point, being 
probably diphenylsilicone, (CeH 5 ) 2 SiO.^ 

The diol is also formed by the action of dilute ammonium hydroxide 
or water on diphenylsilicon dichloride. ^ 

Kipping in 1912 prepared the compound from diphenylsilicon 
dichloride and water, but it was difficult to obtain it pure. Dilute 
ammonium hydroxide on the dichloride gives only a small proportion 
of diphenylsilicanediol. When the dichloride is slowly added to 5 per 
cent, potassium hydroxide {4 mols.), slight heat is developed, and 
on feebly acidifying mth acetic acid a white paste is formed, which 
when freshly precipitated is soluble in potassium hydroxide but changed 
during filtration and no longer soluble. 

Some air-dried specimens show a melting-point of 105° to 110° C., 
effervescence being due to steam. Attempts to purify the diphenyl- 
silicanediol show it to be usually decomposed in ether, or ethyl acetate. 
Occasionally, however, it has been thrown down from solvents as a 
lustrous powder or imperfect prisms, and an oil remains in the mother- 
liquor. The melting-points vary, and this is probably due to traces of 
acid in the solvents, rather than removal of impurity by them. A trace 
of hydrochloric acid in a solution of diol usually causes a rise in melting- 
point to about 145° C. On this account crystallisation is carried out 
with ether at ordinary temperature, and the ethereal solution allowed 
to fioat on water containing a trace of potassium hydroxide. In this 
case diphenylsilicanediol is obtained as lustrous prisms, completely 
soluble in potassium hydroxide and decomposed at 115° to 118° C. \vith 
effervescence. Another means of purification is to dissolve the com- 
pound in acetone, then to dilute with a small proportion of water. The 
liquid is milky, and after standing a few days the diol separates, and is 
filtered, the milky liquid going through. The crystals are washed free 
from oil with chloroform. This operation is repeated until there is 
no milkiness, and then the pure diol is obtained after one more crystallisa- 
tion with hot ethyl acetate or acetone. 

Diphenylsilicanediol forms long, colourless needles or prisms which 
often exce^ 20 mm. in length. It sinters at 125° C^, and becomes liquid 
with effervescence at 128° to 132° C. It is practically insoluble in water 
or light petroleum, only sparingly soluble in cold chloroform, and very 
moderately soluble in boiling benzene. It easily dissolves in hot ether, 
ethyl acetate, or acetone. The diol is stable at ordinary temperatures, 
but its isolation is difficult owing to its sensibility towards alkalis, acids, 
and other reagents. The crystal measurements are shown in Table 
VII. of Appendix, 

Diphenylsilicanediol in the presence of acids or alkalis very easily 
undergoes condensation. This accounts for the glue-like substances 
obtained in tire preparation of the diol from diphenyl silicon clichioride by 
various methods, and they consist of a mixture of any of the four follow- 
ing condensation products ; — 

1. Anhydrobisdiphenylsilicanediol, 

H0.Si.(C6ll5)2.0.Si(C6H,)2.0H. 

1 Kipping and Lloyd, Trans. Soc., 1901, 79 , 44ik 

2 Martin, Ber., 1912, 45 , 403. 
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2. Dianhydrotrisdiphenylsilicanediol, 

IIO.Si{C6H,),.O.Si(CeH5),.O.Si(CoH5),.OH 

3. Trianhydrotrisdiphenylsilicanediol, 



ySi{C6H5),.0. 

0 / 



4. Tetra -anhydrotetrakisdiphenylsilicanediol. 



.Si{CeIl5),.O.Si(G3H5),- 

\Si{C«H5),.O.Si(CcM,)2^ 



o 



When diphciiylsilicimediol is heated at 140° to 180° C, it loses 
approximately 1 moL ol' water and yields mainly trianhydrotris- 
diphcnylsilieanediol. In addition, a small amount of tetra-anhydro- 
tetraki.sdiplienylsilicancdiol is produced, and also an oil, easily soluble 
in petroleum ether containing a little chloroform. It is proved not to 
be diphcnylsiliconc, which at first it seems likely to be, for a small 
quantity of dianhydrotrisdiphcnylsilicanediol is isolated. Steam- 
distillation give.s no diphenylsilicone in the di.stillate. Part of the oily 
product appears to consist of anhydrobi.s- and dianhydrotris- diphenyl- 
silicanedioh 

When dipheny Isilicancdiol undergoes condensation in acetone solution 
in the presence of a trace of piperidine, crystals of tetra-anhydrotetrakis- 
diphenylsilicancdiol, M.j)t. 200° C\, are. deposited, together with a. small 
amount of a colourless jwwdcr, probably a condensation pmdnct more 
complex than the above. 

Diphenylsilicanediol in acetone containing a little ainnioniinn hydrox- 
ide gives an oil at ordinary tcmperatm'cs, which, when crystallised 
from clilorofomi and light petroleum, yields anhydrobisdiphenyl- 
silicanediol, M,2:)t. 1 1 3° G,, and soluble in 5 per cent, potiissium hydroxide. 
Another experiment carried out in the same way gave a compound, 
M.pt. 112° C., insoluble in potassium hydroxide solution. It was 
dianhydrotrLsdipheiiylsilicancdioL The products here are not closed 
chain condensation bodies. 

Anhydrobisdijjheiiylsilicanediol, The ery.stals dcpo.sitcd from a 
mixture of chloroform and light petroleum give the measurements shown 
in Table VIII. of the Appendix, 

The action of piperidine on anhydrobisdiphenytsilicanediol is to give 
tetra-anhydrotetrakisdiphenylsilicanediol and some trianhydrotrisdi- 
pheiiylsilicanediol, togc»tiicr with a powder consisting possibly of highly 
complex condensation products. The action of piperidine, besides 
causing condensation, also brings about hydrolysis of the anhydro- 
blsdiphenylsilicanediol, giving diphenylsilicanediol, and this then con- 
denses forming a small quantity of trianhydrotrisdiphenylsilicanedioh 

Anhydrobisdiphenylsilicanediol changes after a time in the presence 
of hydrochloric acid in methyl alcohol solution, giving a small quantity 
of oil. The solvent is allowed to evaporate at ordinary temperature and 
the process repeated. The oil is wiushed with alcohol, and the sub- 
stance when crystallised from ethyl acetate yields prisms of trianhydro- 
trisdiphenylsilicanediol, M.pt. 188° C. No tetra-anhydro compound is 
detected. The hydrochloric add therefore does not cause condensa- 
VOL. XI. : I. 18 




274 



ORGANOMETALLIC COMPOUNDS. 



tion, but hydrolyses the anhydrobisdiphenylsilicanediol to the diphciiyl- 
silicanediol, which theu condenses to give trianhydrotrisdiphenyh 
silicanediol. 

Dianhydrotrisdiphenylsilicanediol, deposited from chloroform ^and 
light petroleum, gives the crystal measurements shown in Tabic IX. of 
Appendix, 

The action of piperidine on dianhydroti-isdiphenyLsilicanediol is to 
give tetra-anhydrotetrakisdiphenylsilicanediol, while some trianhydro- 
trisdiphenylsilicanediol is probably produced. 

Experiments seem to show that piperidine on diphenylsilicaiiecliol, 
anhydrobis- and dianhydrotris* diphenylsilicanediol give as principal 
product tetra^anhydrotetrakisdiphenylsilicanediol. 

When hydrochloric acid is added to a methyl alcohol solution of 
dianhydrotrisdiphenylsilicanediol, an oil separates, which on evapora- 
tion at the ordinary temperature yields a crystalline residue. Recrystal- 
lisation from ethyl acetate gives prisms of trianhydrotrisdiphenyl- 
silicanediol, M,pt. 188° C. 

Trianhydrotrisdiphenylsilicanediol, a closed chain compound, is 
hydrolysed by potassium hydroxide, giving as final product the potas- 
sium derivative of diphenylsilicanediol. On evapoi-ating off the alcohol 
and addirrg a slight excess of acetic acid to the residue the diol is de- 
posited, The following equation represents the reaction when hydro- 
lysis is stopped at a very early stage of its development : — 

0< >Si{C6H5)a+H.,0=H0.Si(C6H5)20.Si(t\H5).,.0Si(CeH5),0H 

\Si(C6Hs)20/ 

0-25 gram of the trianhydro-coinpound is dissolved in a mixture of 
acetone and a little ether, then (0-05 gram) 3 per cent, aqueous sodium 
hydroxide added. In less than half a minute this is acidified with 
dilute acetic add and the solvents evaporated raj^idly at the ordinary 
temperature. The oily residue is next treated with alcohol, filtered, and 
again evaporated at the ordinary temperature, and the oil after crystal- 
lisation from a mixture of chloroform and light petroleum gi^x^s pure 
dianhydrotrisdiphenylsilicanediol. 

Trianhydrotrisdiphenylsilicanediol, /ike the corresponding bcuxyl 
compound, is hydrolysed by hydrogen chloride into the open chain 
compound dianhydrotrisdiphenylsilicanedioL This hydroly.sis is re- 
versible. Piperidine on the trianhydrotris-derivative gives tetra- 
anhydrotetrakisdiphenylsilicauediol mixed with unchanged product. 

Crystals of trianhydrotrisdiphenylsilicancdiol deposited from ethyl 
acetate solution have been measured, and the results arc shown in 
Table X. of Appendix. 

Trianhydrotetrakisdiphenylsilicanediol is the most complex open- 
chain compound yet isolated, and is formed by carefully hydrolysing 
tetra-anhydrotetrakisdiphenyisilicanediol, 

\Si(CeH6),.O.Si{CeH5), 



>0+H20=H0.Si(C<5H5),0.Si{C6H5),,0. 

Si(C8H6)20,Si(CeH,)2.0Il 

This partial hydrolysis is carried out in the following way. The 
closed chain compound is dissolved in chloroform, and a considerable 
excess (5 to 6 mols.) of an alcoholic solution of sodium ethoxide is 
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added- Sufficient chloroform should be present to prevent any pre- 
cipitation. In not more than a minute slight excess of very dilute 
acetic acid is added, the whole shaken and the chloroform separated. 
The aqueons portion is again extracted with this solvent and all the 
chloroform evaporated at the ordinary temperature- The residue is then 
treated two or three times with cold ethyl alcohol, which leaves behind 
a considerable portion of unchanged tetra-anhydrotetrakisdiphenyh 
silicanediol. The alcoholic extract after filtering is diluted with water 
and the trianhydrotctrakisdijdicnylsilicancdiol is obtained after several 
rccrystalli-sations from a mixture of chlorofonn and light pctrolenni. 
The yield is not good, but further quantities may be obtained by repeat- 
ing the hydrolysis ou the unchanged tetra-derivative- 

Trianhydrotetrakisdiphenylsilieancdiol crystallises in short, colourless 
prisms, M.pt. 128-5° C. It resembles the other two opcn-chairr con- 
densation products of diphenylsilicanediol. 

Tetra-anhydrotetrakisdiphenylsilicanediol is formed from tri- 
anhydrotctrakiscliphenylsilic.ancdiol by warming an alcoholic solution 
of the latter witli a trace of sodium hydroxide. The crystalline pre- 
cipitate melting at 200° C, when crystallised from ethyl acetate is pure 
tctra-anhydrotetraki.sdiplienylsiiieanediol, M.pt. 201° C. 

-An alcoholic .solution ol‘ the trianliydrotetrakis-comjroimd with 
hydrochloric acid docs not give so pure a product of the tetra-coni- 
pound. lire tri-body mar’’ lie com'cited into the tetra-derivative also 
by heating the former at 100° to 200° C. for fifteen nrrnntes. Water is 
evolved, and when dcctnriposition ecirses the mass is cooled- -Addition 
of ether caases this to crystallise, and cold alcohol removes orrly a little 
.soluble matter. The residue on crystallising several times yields pure 
tetra-aiihydrotetraki.sdrplicirykilicancdiol, which forms well-defined, 
almost rectangular plates, when dcjrosited from ethyl acetate at the 
ordinary temperature- These have been measured and the results arc 
recorded in Table XI. of Apperrdix. 

Phenylethylsilicanediol is obtained by hydrolysis of tire corre- 
sporrding disubstituted dichloro.silicanes with aqueous ammonium 
hydroxide.^ The diol is deposited in long, transparent needles, when 
the ethereal solutioir is evaporated at the ordinary temperature. The 
compound is recrystallised from other and light petroleum, and has M-pt- 
70° C. It is easily soluble in organic solvents, except light petroleum, 
irr which it is sparingly soluble. 

Anhydrobisphenylethylsilicanediol is fonrred from jrhenyl- 
ethylsilicancdiol when a pure specimen of the latter is kept irr a stoppered 
bottle at ordinary tenrperaturc. The reaction is very slow- An aqueous 
solution of the diol and a few drops of hydrochloric acid left for twenty- 
four hours yields a crystalline precipitate of the anhydro-compound- 
Wlren crystallised from light petroleum and a little ether it forms long, 
transparent needles, M.pt- 87-5° C. 

Dibenzylsilicanediol,®* — ^The earlier preparations of the compound 
are not too satisfactory owing to mixtures being formed, but finally a 
yield of the diol has been obtained in the following manner : — 

Dibenzyl silicon dichloride is melted carefully and dropped into a 

1 Kipping, Tram. Chem, Boe„ 1912, loi, 2106. 

® Dilthey and EduardofF, J9er., 1905, 38, 4132 ; Robison and Kipping, Proc. Chem, 
Soc., 1912, 28, 245 ; 1913, 29, 348 ; Trans. Chem. Soc., 1908, 93, 439 ; 1912, loi, 21 ; 
1914, los, 40. 
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5 per cent, solution of potassium hydroxide whilst stirring. The turbid 
liquid is filtered from the insoluble portion, possibly dibcnzyl, then 
shaken with animal charcoal. When the clear filtrate is made slightly 
acid with acetic acid a thick, flocculeiit precipitate is produced. This 
is difficult to dry, but on leaving seA'^eral days on a porous plate and 
finally washing with light petroleum the compound melts at 98° to 100° 
C., and is almost pure dibenzylsilicanediol. There is a small proportion 
of substance insoluble in potassium hydroxide pi-esent, which seems to 
point to a slight decomposition after precipitation from the .solution of 
the potassium derivative, due possibty to traces of alkali adsorbed by the 
somewhat colloidal precipitate. The impurity is not easily eliminated. 
The method adopted is to dissolve the dibenzylsilicanediol in acetone, 
then add water until a turbidity is produced, after which the solution is 
allowed to evaporate spontaneously. The liquid soon shows in addition 
to milkiness, silky, opaque needles, and these are decanted from tlic 
mother*liqnors and again dissolved in acetone. This is repeated till 
the product is completely soluble in 5 per cent, potassium hydroxide. 

Dibenzylsilicanediol, M.pt. 101° C., is appreciably soluble in warm 
water, separating when cold in long, white filaments. If a solution is 
heated to 90° C. for a short time, decomposition occurs. The presence 
of hydrochloric acid in a solution causes it to decompose, and a solution 
in potassium hydroxide when warmed becomes turbid with separation 
of an oil. When the diol is heated to 100° C. an oily product is formed, 
which consists essentially of anhydrobisdibenzylsilicanediol, and “ ter- 
molecular silicone ” or trianhydrotrisdibenzylsilicanediol, in small 
amount. At 130° C. the oil is a mixture of the above two jiroducts and 
other condensation products. 

Dibenzylsilicanediol is quantitatively converted into “ termolecular 
silicone ” when exposed to fumes of hydrogen chloride in a clo.scd vessel. 
Another convenient means of preparing the .silicone is to keep pure 
dibenzylsilicanediol in alcohol and a little concentrated hydrochloric 
acid for several days, during which the quantity of crystals increases. 

When pure diol is dissolved in a small quantity of acetyl chloride and 
allowed to evaporate spontaneously, an oil r^ults, which contains un- 
changed diol and anhydrobisdibenzylsilicanediol. In some iustance.s 
a good yield of hydrated crystals of the anhydro-body is obtained, n.sing 
acetyl chloride in ether and light petroleum and evaporating at the 
ordinary temperature. Hydrated crystals are never formed until the oil 
containing the anhydrobisdibenzylsilicanediol is exposed to atmospheric 
moisture or crystallised from solvents containing traces of water. 

Anhydrobisdibenzylsilicanediol is formed when 2 mols. of 
dibenzylsilicanediol condense with loss of 1 mol, of water. Though 
the yield is not good, the best method of preparation is as follows : 
Dibenzylsilicanediol (3 grams) is dissolved in 20 c.c. of dry ether, acetyl 
chloride (30 drops) added, and the solution in a beaker is kept in a 
desiccator over potassium hydroxide for three hours. It is then con- 
nected to the pump and evacuated to remove most of the acid chloride. 
After six hours, crystals of “ termolecular silicone usually appear on 
the surface. The solution is then poured into excess of cooled, dilute 
ammonium hydroxide and shaken. After extraction witli ether and 
evaporation, the oily residue is treated with a little alcohol, which 
precipitates the silicone. The filtered alcoholic, solution is diluted with 
water, and vigorous rubbing of the beaker with a glass-rod causes 
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hydrated anhydrobisdibenzylsilieanediol to be deposited. It is purified 
by dissolviii^r in ether and dilntin^r ^vith liirht petroleum, then being 
ailowcd to evaporate spontaneously alter filti-ation. It is kept in a 
desiceator over parafiin shavings. The yield is 2 grams of anhydro-com- 
pound and 0-9 gram of “ termolecular silicone.’’ The former is readily 
soluble in cold chloroform or ben’zene, a turbidity occurring due to 
water of hydration. 

Seventy hours’ heating of anhydrobisdibenzylsilicanediol at 100° C. 
gives 6-6 per cent. HgO {lH,0=3-68 per cent.). When heated at 100° 
to 110° C. for periods of about ten minutes a stage is reached correspond* 
ing TOth 3-08 per cent. HgO, after which the loss in weight becomes very 
small. At 1.30° to 150° C. the loss is 3*7 per cent, after ten minutes, and 
then much slower, till in two hours it is 7-8 per cent. This slow loss, after 
that due to water, is accounted for as being due to volatilisation of 
benzaldehyde formed by atmospheric oxidation. The odour of the 
aldehyde becomes more noticeable as the heating is prolonged. 
Though the remaining oil after heating is probably pure anhydrobis- 
dibcnzylsilicanediol, it will not crystallise because it is so hygroscopic. 
However, the hydrated form is obtainable from the oil by dissolving in 
light petroleum and allowing the solution to evaporate in air. 

Dianhydrotrisdibenzyisilicanediol, 



H0.Si(CH,CeH5),.0.Si(CH2CeHs).,.0.Si(CH2C6H5)2.0H 



is probably }mescnt with anhydrobisdibenzylsilicanediol when di- 
benzylsilicaiiediol is condensed in the presence of alkalies. If the 
alkaline solution is heated to 100° C. for some hours the precipitate is 
partly soluble in cold alcohol, and coiitiiins a con.siderablc proportion 
of ti’ianhydrotrisdibcmzylsilicauediol. ’The dianhydrotris-body is not 
isolated by th(^ above method, although probably present. Attempts 
have been made to obtain it by hydrolysis of trianhydrotrisdibenzyl- 
silicancdiol which, though practicaily insoluble in alcohol, slowly dis- 
solves in an alcoholic solution of potassium hydroxide owing to 
hydrolysis. 



Si(CH2.C6H 



/O.Si(CF4CoH6).^v 
6)2< >0+11,0— > 

\O.Si(CIl2C«H6)/ 

si(cnoC«H5),< 



O.Si(CH,CsH5)2.0II 



Water precipitates a solid which gives with acetic acid dibenzyl- 
silicanediol. Further examination shows it to consist of auhydro- 
bisdibcnzylsilicanediol as well as the above diol, or simply the anhydro- 
compound, or else a compound, M.pt. 82° C., according to the method 
of procedure. The desired product is that melting at 82° C,, and 
it is obtained in the following manner: A solution of trianhydro- 
trisdibenzylsilicauediol in cold acetone is treated with 3 per cent, 
potassium hydroxide (2 mols.) and tliirty seconds afterwards a shght 
excess of dilute acetic acid is added. On further dilution with water 
an oily precipitate separates, which is filtered and extracted with ether. 
The solution of the oil in ether is diluted with light petroleum, then 
left to evaporate. Crystals separate and are recrystallised several 
times from ether and light petroleum, then dried over sulphuric acid. 
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Dianhydrotrisdibenzylsilicanediol melts at 82° C. and is readily soluble 
in all organic solvents except light petroleum, in wlxichiti.s onlj'' sparingly 
soluble, and insoluble in water or dilute, cold jiotassium hydroxide. 
Another method of hydrolysing trianhydrotrisdibenzylsilicanediol is to 
dissolve it in acetone containing one drop of concenti‘ated hydrochloric 
acid. After half an hour the solution is diluted with water, vigorously 
stirred, filtered, and the solid extracted with cold alcohol. In this way 
the im changed trianhydrotris*compound is left behind. On dilution 
of the alcohol with water, an oily substance is obtained which is extracted 
with ether. The solution contains dianhydrotrisdibenzylsilicauediol, 
and it is purified by crystallisation from ether and light petroleum. 
Only 15 percent, of trianhydro-com pound is transfen'ed into dianhydro- 
trisdibenzylsihcanediol, so further dianhydro -compound is formed by 
repeating the treatment. It seems probable that the reaction is re- 
versible and equilibrium imder the conditions of the equation is when the 
proportion of dianhydrotris- to trianhydrotrisdibenzylsilicanediol is 
about 1 to 5, or 1 to 6. 






^O.SilCHsCgHs)^^^ 

O.Si(CH3C,H,)/ 



Si( CTI ,C (jTIs ) 



\O.Si(CH2C,H,).,.OII 



This equation only probably represents one of several reversible 
reactions, others being ; 

/O.Si(CH.iC6H6),OII 

2H^O+Si(CH,C6HB)2< < > 3Si(CH,C6Tl5).i(01I)., 

\D.Si{CH2C6H5)20H 

2Si(CH2C6Hs)2(OH)3 ^ ^ 0H.Si(CH2C6H5)2.0.Si(CH.2C6H6)20II d-HaO 

Trianhydrotrisdibenzylsilicanediol.^ — It should be possible to 
obtain this compoimd from dranhydrotrisdibenzylsilieanediol, if the 
reaction mentioned above is reversible. In alcoholic solution the 
equation should proceed from right to left, as the tri-body is insoluble 
in alcohol. This actually occurs in the presence of hydrochloric acid, 
the crystals, M.pt. 98° C., being pure trianhydrotrisdibenzyisilicancdiol. 
The change is complete in twelve hours. This condensation in alcoholic 
solution goes even more easily with potassium hydroxide than acid, 
whilst the presence of acetyl chloride has the same effect, though it may 
be due to the hydrochloric acid formed in this case, and not directly to 
the acid chloride. The closed-chain compound is not satisfactorily 
obtained from dianhydrotrisdibenzylsilicanediol by heat. 

Trianhydrotrisdibenzylsilicanediol crystallised from chloroform and 
petroleum-ether mixture has been examined, and the crystallographic 
measurements are shown in Table XII. of Appendix. 

Benzylethylsilicanediol ^ is prepared from pure benzyletliyl silicon 
dichloride, using ice-cold aqueous ammonium hydroxide under tlie con- 
ditions used in the preparation of phenylethylsilicancdiol. The ethereal 
solution is allowed to evaporate spontaneously, when colourless needles 

^ Kipping, Trans. Chem. Soc., 1912, loi, 2106. 
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are obtained which may be recrystallised from a mixture of ether and 
li^dit pcti*oleum. 

Benzylcthylsilicaiicdiol crystallises from hot benzene or boiling light 
petroleum as transparent needles, but from aqueous acetone or alcohol 
as cotton-woohlike masses. The compound is appreciably soluble in 
cold water, more so in hot. It sinters at 80° C., is a pasty mass at 
85 ° C., becoming solid again and more bulky until at 100° C. it melts. 
Single crystals melt at 85° C, to a clear liquid which becomes turbid if 
kept at that temperature for a time. Large crystals in a test-tube melt 
at 98° to 100° C. This suggests that the substance is dimorphous. The 
change is not due to loss of water, for the compound does not eliminate 
the elements of water when kept at 85° C. for half an hour. It loses 
water, however, in a dry vac-num and becomes oily in a day or two. It is 
thought that tlie compound contains 1 mol. of water. 

Phenylbenzylsilicanediol ^ is most conveniently prepared by 
dropping the oily dichloride into a 5 per cent, solution of sodium hydrox- 
ide, Vigorous stirring is necessary during the reaction. The solution 
when filtered and treated with slight excess of dilute acetic acid gives 
a bulky white precipitate of the diol. When filtered and washed it is 
not quite pure, so it is dissolved in acetone and water added to repre- 
cipitate, This process is repeated until it ceases to give a milky fluid 
when the water is added, in which case also the compound is completely 
sohiblc in alkaline, hydroxide. The product is then dried over sul- 
phuric acid. It crystallises in silky needles which melt at 106° C. on 
rapidly heating, but if kept at 90° C. for a time the compound liquefles 
and loso,s the elemcnl.s- of water, 

Ari/l Derhatives of the Type {RSiO).j^O. 

Silxcobenzoic anhydride is prepared from orthosilicobcnzoic e.ster, 
SiC6H5(OC2H5)3, by first converting it into the corresponding acid by 
aqueous hydrogen iodide, and then dissolving the acid in alcoholic 
sodium hydroxide and passing in carbon dioxide. The precipitate is 
washed with absolute alcohol and tlie solution evaporated. The solid 
is finally washed with water and dried at 100° C. The anhydride, 
(SiC6Hs0)20, is an amorphous, colourless solid, moderately soluble in 
ether, less soluble in alcohol, and very slightly soluble in water. It is 
readily soluble in aqueous potassium hydroxide. Addition of ammonium 
hydroxide in excess yields silicobenzoic acid, and the anhydride heated 
with potassium hydroxide furnishes* benzene, 

Siiicotoluic anhydride ^ is preparexi from tolyl silicon trichloride 
by dceomi)osiiig it with ammonium hydroxide and heating the product 
at 200° C, The formula corresponds to {C.7ll7Si0).20, but at a lower 
temperature it is probably €7117810211, the corresponding acid. It has 
similar properties to the silicobenzoie. anhydride. 

Ai-yl Derivative.^ of the Type RgSiO, 

Dipheiiylsilicone, (Cflll5)2SiO, has not been obtained in a crystalline 
form.^ 



^ Kipping, loc. ciL 
® Ladtiibui'g, Ber., 1873, 6, 379, 

3 I.adt)iibuig, ibid., 1874, 7, 387. 

* Kipping and Lloyd, Tram. Ohe.m 80c. , 1901, 79> 449, 
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Phenylethylsilicone, (C6H5)(C2Hs)SiO.^ — Phenyletliylsilicon di- 
chloride, a fuming liquid, can be readily decoinposed by water, giving 
an oil which appears to be the above ketone. 

Benzylethylsilicone ^ is produced in the same manner as the 
preceding compound, from benzylethyldichlorosilicane. It boils at 
305° to 315° C. at 22 mm., is not decomposed by the usual reagents, and 
gives no oxime or hydrazone. The molecular weight in acetic acid 
solution points to the formula [(C(jH 5 CH 2 )(C 3 H 5 )SiO] 3 , 



Aryl Derivatives of the Type (R3Si)20. 

Diphenylmethylsilicyl oxide is isolated by decomposition of 
diphenylmethylsilicol at its boiling-point.® It forms hexagonal plates, 
M.pt. 51° to 52° C., is very soluble in the common organic solvents, 
but sparingly soluble in cold alcohoL 

Diphenylethylsilicyl oxide, [(CgH 5 ) 2 (C 2 H 5 )Si] 20 , M.pt. 65-6° C., is 
prepared from diphaiylethylsihcyl chloride by decomposition with 
water The silicol is first formed, and this passes into the correspond- 
ing oxide. 

Triphenylsilicyl oxide,® — ^When triphenylsilicol is heated with 
nitric acid in acetic acid solution it yields small, shining plates of tri- 
phenylsilicyl oxide, M.pt. 222 ° C. 

Benzylethylbutylsilicyl oxide ® is formed by the action of water on 
the corresponding chloride. It is a colourless, viscou.s liquid, insoluble 
in water, soluble in alcohol, and boils at 250° to 252° C. The .silicol is 
first formed, but soon passes into the oxide, probably due to traces of 
impurity, such as hydrochloric acid. 

Benzylethylpropylsilicyl oxide ’ is formed in a similar mariner to 
the previous compound. It boils at 256° C. 

Sulphobenzylethylpropylsilicyl oxide ® is prepared by sulphona- 
tion of benzylethylpropylsilicyl oxide using sulphuric and chlorosulphonic 
acids. The body produced is identical with that prepared by sulphona- 
tion of dZ-benzylethylpropylsilicol. This latter compound is isolated by 
the following series of reactions : — 



SiCl^ +MgEtBr =SiEtCl 3 +MgClBr 
SiEtCl 3 +MgPhBr =SiEtPhCl 2 +MgClBr 
SiEtPhCl 2 +MgPrBr =SiEtPhPrCl -}-MgClBr 
SiEtPhPrCl +MgBzCl=SiEtPhPrBz d-MgCl^ (Bz=benzyl) 
SiEtPhPrBz +H 20 { +H 2 SO 4 ) ^SiEtPrBzOH +H 2 SO 1 ) 

The silicol formed gives , with sulphuric acid a mixture of sulphonic. 
acids, one of which has been isolated as the ammonium .salt. It is found 



1 Kipping, Proc. Chem. Soe., 1904, 20, 15. 

2 Kipping, ibid., 1905, 21, 65. 

® Kipping, J. Chem. 80 c., 1927, p. 104. 

* Marsden and Kipping, Trans. Chem. Soc., 1908, 93, 198. 

® Kipping and Lloyd, Trans. Chem. Soe., 1901, 79, 449. 

“ Luff and Kipping, Trans. Chem. 80 c., 1908, 93, 2004.* 

’ Marsden and Kipping, Trans. Chem. Soc., 1908, 93, 198. 

« Kipping, Proc. Chem. Soe., 1907, 23, 9 ; Marsden and Kipping, Proc. Chem Soe , 
1908, 24, 12 ; Kipping, Proc. Chem. Soc., 1908, 24, 47. 
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to be a derivative of the coi‘i‘es}3onding oxide, and possesses the eon* 
stiUition, 

S03lLC5ll4Cn,.SiKtPr-0-PrEtSi.CIUC6ll4.S03H 



It is tlie externally eompensated compound, and thongh many of its salts 
with optically active bases crystallise unchanged, the dextro-methyl- 
hydrindamine salt can be resolved by fractional crystallisation from 
aqueous methyl alcohol. 

The dB dA-salt is the more sparingly soluble, M.pt. 205° C. The 
impure dB /A*salt is from the most soluble fractions, and melts about 
135° C. 

The IB /A*salt has been prepared by resolving the acid with Z*methyl- 
hydiindaminc. 

The two optically active acids have very low specific rotations 
{roughly, [a]uzi:4°)^ but there appears to be ample evidence of their 
enantioinorphons relationship. -Although the acids contain two asym- 
metric silicon group.s, the specific rotations are only [a]Ddr5‘8° to 5-9° 
for the sodium salts. 

The dA dB- and lA ZB-nietliyUiydrindamine derivatives vary con- 
siderably in outward properties from the dA ZB- and ZA dB-compounds, 
which have a gelatinous or homy nature, but all four salts have in 
methyl alcohol solution a specific rotation of [a]n±15° to 16°. 

dA ZB- and ZA ZB-menthylaniinc salts are almost indistinguishable 
from each other or from the salt of the dZ-acid. This is also true for the 
corres}>onding three d-bornylamine compounds. The cinchonidine and 
ciuehouidhie hydrogen suits of the two active add.s differ a little in melting- 
points. 

dUSulpJwhenzylathylpro'pylsilioyl o,ridc is decomposed by hot con- 
centrated .sodium hydroxide, giving paratolnene sulphonic acid. 

Sulphobenzylethylisobutylsiiicyl oxide ^ can be obtained from 
any of the following bodies : — 

1, Benzylcthylisohutylsilicyl chloride, Si.Et(C 7 H 7 )(C 4 Hg)Cl, B.pt. 198° 
to 202° C. at 100 mm. 

2, Benzylethylisobutylsilicol, B.pt. 162° to 164° C. at 25 mm. 

3, Benzylethylisohutyhilicyl oxide, [SiEt( 07 H 7 )(C 4 Hg)] 20 , B.pt. 250° 
to 252° C. at 20 mm, 



These compounds when sulphonated with chlorosulphonic acid and 
sulphuric, acid each give a mixture, from which the same dZ-acid,naniely, 
dl-sulphoherizylethylisobutylsilici/l oxide is separated as its l-meiithylamine 
.<fa/Z,[SiEt(C4lIg)CH2CeH3S03li]20,2CioMi!iN-4H.20,M-pt-240°to‘245°C., 
[a]n —14*7°, in methyl alcohol solution. 

dZ-Sulphobenzylethylisobutyisilicyl oxide is resolved into its optically 
active components by fractional crystallisation of its d-methylliydiin-^ 
damine salt The pure dA dB-salt melts at 207° to 209° C., and its 
specific rotation in methyl alcohol solution is [a]o +16 -7°. The specific 
rotation of the sodium salt of the d-acid is [a]n -f 10*4°. 

The pure ZA ZB-salt has M.pt, 207° to 209° C . ; [a]i) -~17*0° (in methyl 
alcohol solution) is produced by fractional crystallisation of the salt of 
the dZ-acid with Z-methylhydrindamine. The specific rotation of the 
sodium salt of the pure Z-acid is [a]x) —10-5°. 

d-Methylhydrindamine Z-sulphoben 7 ,ylethylisobutylsilicyl oxide and 



^ Luff and Kipping, Proc. Ohem. Soc,, 1908, 24 , 224 and 236. 




582 ORGANOMETALLIC COMPOT^NDS. 

the corresponding dA ZB-salt are prepared by combining tlie optically 
pure acids with d~ and Z-methylhydrindamine respectively. ' They are 
oils at ordinary temperatures. 

Z‘Menthylainiue d-sulphobenzylethylisobutylsilicyl oxide ciys-tallises 
well with 4 H 2 O- It melts when anhydrous at 2*54° to 258° C., [a]n —18-9° 
(in methyl alcohol solution). The salt of the Z-acid is very alike in 
properties, M.pt. 253° to 259° C., [a]o —17-2°. The salt of the dZ-add 
melts at 240° to 245° C,, [a]D —14-7°. 

d-Bornylamine d'Sidpkobenzylethylisobutylsilicyl oxide melts at 209° 
to 211 ° C. The salt of the Z-acid melts at 210 ° to 212 ° C. 

Cinchonidine dsulphobenzylethylisobutylsilicyl oxide crystallises in 
needles, M.pt. 171° to 173° C. The salt of the l~acid has M.pt. 181° to 
183° C. The specific rotations of the two salts are almost alike, the 
values being [ajo —68-5° and [a]o -69-3° respectively in methyl alcohol 
solution. 

The cinchonidine hydrogen salts of the d- and Z-acids are crystalline 
and decompose at 232° to 234° C. and 229° to 231° C. respectively. 

Dibenzylmethylsilicyl oxide ^ is prepared in a similar manner to 
the previous oxides, by decomposition with water. 



Heterocyclic Or gano -Silicon Compounds. 

A Polymeride of Cyclopentamethylenesilicone -is isolated by the 
following reactions ; Cyclopentamethylenesilicon dichloride is obtained 
by the action of the organo-magnesium compound derived from 3 ; 5 
dibromopentane on silicon tetrachloride in ethereal solution. Cyclo- 
pentamethylenesilicon dichloride. 



XHa.CHav 

CH2<^ >SiCl2 



CHp.CHy 



is a clear, pungent liquid, B.pt. 169-5° to 170-5° C. at 764 mm. (corr .) ; 
density 1-1560 at 20 ° C. ; nn 1-46973 at 20 - 2 ° C. This body is hydro* 
lysed by water with production of a yellowish-brown solid, whidi is 
possibly a polymeride of cyclopentamethylenesilicone. 



CH2< 



CHa.CHg 

CH2.CH2 



■Si=0 



If instead of silicon tetrachloride, dimethylsilicon dichloridc is used, the 
product of the above reaction is dimethylcyclopentamethylene- 
silicane, 

/CHs.CHgv 

CH 2 < >SiMe., 

It is a colourless, easily inflammable liquid of slight camphor-like odour, 
B.pt, 133° to 134° C. at 752-9 mm, (corr.) ; density 0-8039 at 20° C, ; 
nn 1-43940 at 20-1° C.^ 



1 Kipping and Hackford, Proc. CJiem. Soc., 1911, 27, 8; Tram. Ohem. Soo., 1911, 01, 
138 

^ Bygd^n, Ber., 1915, 48, 1236. 

* An attempt to obtain diethylcyclopentamethylenesillcane gave an’ Impure product. 
B.pt. 184° to 194° C. 
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Aryl Derivaiivcs of tJic Type ESiO._,H. 

Silicobenzoic acid ^ is isolated from phenyl silicon trichloride by 
the action of alcohol and subsequently hydriodic acid. Silicobenzoic 
acid triethyl ester IS first obtained, B.pt. 235" C., density 1-0133 at 0° C. 
and 1-0055 at 10° C. This is completely decomposed by hydriodic acid 
(B.pt. 127° C.) as follows : — 

PhSi(OBt)3 H-3HI =PhSi02H +3EtI HhH^O 

The compound melts at 92° C. to a viscous liquid, soluble in aqueous 
alkali, but not rcprecipitatcd at once by dilute hydrochloric acid, though 
the solution becomes slightly cloudy. If allowed to .stand for twenty- 
four hours, however, the acid completely separates out. If a solution 
containing excess of potassium hydroxide be evaporated to dryness the 
potassium salt of the acid is not obtained, but the reaction seems to go 
as follows : — 

PhSiOaK+KOH^CgHe+SiOsKa 

Preparation of pure salts of silicobenzoic acid is not satisfactory. At 
100° C. the acid changes to the anhydride, (PhSiO) 20 — a white, 
amorphous powder. The anhydride with excess of ammonium hydroxide 
changes into the acid again, and with pota.ssimn hydroxide it yields 
benzene.^ Silicobenzoic acid, or phenyl-metasilicic acid as it was called, 
may also be prepared by the action of dilute ammonium hydroxide on 
phenyl silicon trichloride. On hydrolysis with water the body possesses 
the. same transparent vitreous properties. Other conditions of prepara- 
tion give different results. In the course of formation of diphenyl- 
silicon dichloride from silicon tetrachloride, broinobenzene, and mag- 
nesium in the i)re.sen<-c of ether, some low fractions consisting of bromo- 
ben’/.eue and plienylsilicon trichloride were treated with steam to remove 
the former compound, and a white, brittle solid was left. To prove its 
nature pure phenyhsilicon trichloride was treated with steam and the 
white solid repeatedly extracted with ether- The insoluble residue was 
dried at 120° C., and analysis showed it to be the anhydride of phenyl 
metasilicic acid- The work of Meads and Kipping seems to point to 
the possibility that the so-callcd siliconie acids are merely mixtures (see 
phenyl silicon trichloride). The composition of various fractions 
obtained from decomposition of phenylsilicon trichloride with water 
a})proximatcd to ('^(HsSiOaH, but experimental work .showed that the 
so-called phenylsiliconic acid was a complex mixture of condensation 
products of the trihydroxy-componnd, PhSi(OH) 3 . 

Tolylsiiiconic acid.— -There can be little doubt that this and its 
anhydride are also mixtures.^ 

a - Siliconaphthoic acid, CioIl7Si02lI,^ is prepared from the 
corresponding trichloride, CioH 7 SiCl 3 ; it melts at 125° to 130° C. to a 
blistering mass. It is diflicultly soluble in aqueous potassium hydroxide, 
but easily in alcoholic potassium hydroxide, 

Friedel and Ladenburg, Annahn, 1871, 159 , 259 ; Ladenburg, Rer., 1873. 6 , 379. 

* Kipping and Hackford, Trans. Ghent. 80 c., 1911, 99 , 138,- Meads and Kipping, 
Trans. Chem, 80 c., 1914, 105 , 679. 

® Ladenburg, Ber., 1874, 7 , 387. 

* Melzer, Ber., 1908, 41 , 8390. 
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Aryl Derivatives of the Type R.Si(OEt) 3 . 

Silicobenzoic acid triethylester i is formed from the trichloride by 
the aetion of alcohol. 

PhSiCl3+3C2H50H=PhSi{0Et)3+8HCL 
The ester boils at 235° C., and has density 1-0133 at 0° C. and 1-0055 at 
10° C. 

Ethyl ortho-2 : 4 - dimethylsilicobenzoate, C 6 ll 3 Me 2 Si(OEt)g, 
B.pt. 268° to 271° C,, is prepared from ethyl orthosilicate and magnesium 
m-xylyl iodide.^ 

Benzyl orthosilicic acid triethylester is isolated from benzyl 
silicon trichloride by treatment with alcohol, Tt is a colourless oil, B.j^t. 
170° to 175° C. at 70 mm.^ 

a-Orthosiliconaphthoic acid triethylester, CioH 7 Si(OEt) 3 ,^ is 
produced in a similar manner to the previous compound. The pure ester 
boils at 308° to 320° C. at ordinary pressure \vith partial decomposition, 
or 174° to 177° C. at 15 to 18 mm.^ 

Aryl Derivatives of the Types, Si.(OR^){OR^){OR^)(OR^); 

X.Si{ORi){OR2)(OR») ; and X2.Si(ORi)(OR2), 

These are obtained from silicon tetrachloride as shown by the follow- 
ing equations ; — ® 

SiCl^+PhOH — ^ SiCls.OPh.+HCl 
SiChOPh+McOH — ^ SiCl,OPh.OMe+HCl 
SiCl“(OPh){OMe)-t-EtOH ^ SiCl(OPh)(OMe)(OEt)+IiCl 

Phenoxymethoxysilicon dichloride is a colouiie.ss liquid, B,pt. 
216° C. at 752 mm. It readily decomposes with water, giving silicofi, 
hydrochloric acid, methyl alcohol, and phenol. Ethereal ethyl alcohol 
added to the above compound yields phenoxymethoxyethoxysilicon 
chloride, an oily liquid, B.pt. 241° C. 

Methoxyethoxysilicon dichloride is a colourless liquid, B.pt. 
128° C. With isobutyl alcohol this body gives methoxyethoxyisohutosxy- 
silicon chloride, Si(OMe){OEt)(OBu)Cl, a liquid, B.pt. 159° to 160° C. 

Phenoxymethoxyethoxysilicon chloride cannot be resolved owing 
to its sensitiveness to moisture. It reacts with the salt of an optically 
active acid, but decomposes even over sulphuric acid. 

Phenoxymethoxyethoxymenthoxysilicon, Si{OMe)(OEt)(OPh) 
(OCioHis), has been prepared oi\ly as a tlhck, colourless oil, which could 
not be crystallised. 

Aryl Derivatives of the Types, RgSi-SiRg ; RiR2R3Si.SiRiR2R3. 

Hexaphenylsilicoethane — Five grams of triphenyl silicon chlor- 
ide in 150 to 200 c.c. of xylene and 2 to 3 grams of metallic sodium are 

^ *■ 

^ Drledel and Ladenburg, Annalen, 1871, 159 , 259. 

^ Khotinsky and SeregeiikofE, Ber., 1908, 41 , 2946. 

® Martin and Kipping, Tram. Chem. Soc., 1909, 95 , 302. 

* Melzer, Ber., 1908, 41 , 3390 ; Khotinsky and Seregonkoff, ibid., 1908, 41 , 2940 ; 
Khotlnsky, ibid., 1909, 42 , 3088. 

® Khotlnsky and Melzer describe the ester as a thick liquid of aromatic odour, B.pt. 
220° to 230° C. at 18 mm. 

® Kipping and Lloyd, Tram. Chem. Soc., 1901, 79 , 449. 

’ Schlenk, Kenning, and E.aclq;', Ber., 1911, 44 , 1178. 
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boiled in a dry nitrogen atmosphere wth frequent shaking for two hours. 
The filtrate then deposits thin prisms, with oblique terminal faces of 
hcxai)henylsilicocthmie, PliaSi— SiPha, M.pt. S5i° C. 

dl-Diphenyldiethyldipropylsilicoethane, EtPrPh.Si,Si.EtPrPh.^ 
— A freshly prepared specimen of phcnjdethylpropylsilicon chloride ^ is 
diluted with an approximately equal volume of dry xylene, then sodium 
in slight excess of the theoretical amount i-equired is added- When 
heated to the boiling-point .sodium chloride separates; the mixture is 
well shaken at hitcra’als and intermittent boiling continued for twenty 
hour-s. After filtration, the residue is wiishcd with a little xylene and 
the filtrate distilled at diminished pressure (50 mm.), when the xylene 
distils over. There arc three fractions : 20 per cent- of the whole, B.pt. 
105° to 225° C- ; 00 per cent-^ slightly fluorescent, B.pt- 225° to 275° C., 
and a nseous, yellow, oily residue. Further distillation yields a colour- 
le.ss liquid, B.pt. 205° to 270° C- at 100 mm., this being diphenyldiethyl- 
dipropylsilicocthaue by analysis and inolccnlar weight determinations. 
The yield is nearly 50 per cent. This is probably due to the presence of 
phen}'lcthylsilicon diehloridc and plicnylcthyldipropylsilicane \vith the 
required phenylcthylpropylsilieon chloride. 

Diphciiyldiethyldipropylsilieoethanc is a rather viscous liquid, with 
a faint, jdeasfint, iiromatic. odour, and it.s dcn.sity is less than water. It 
is only slightly \‘olatilc in steam, is slightly soluble iu cold methyl alcohol, 
but ea.sily so when warmed- It is miscible with acetone and most 
organic solvents. Bromine water reacts with the silicoethane, giving no 
doubt bromobeiucne. Concentrated .sulphuric acid at 100° C. causes 
formation of beir/.eue. in which reaction the compound resembles other 
silicohydroearhon derivatives which contain a phenyl group. Unlike 
other compounds which contain silicon atoms in direct combination, 
diphenyldictliyldipropylsilieocthaue is .stable towards hot solutions of 
alkali hydroxides- This is ])ossibly due partially to the insolubility of 
the body in atpieous .solutions, but even with sodium ethoxide in aqueous 
acetone there is no appreciable evolution of hydrogen. 

dl-DibenzyldiethyldipropylsiHcoethane, EtPr(C 7 ll 7 )-Si.SiEtPr 
i.s obtained from benzylcthylpropyl.silicyl chloride in a similar 
manner to the jueeedmg compound. The contents of the flask, however, 
are boiled only ten hours, and give no reaction for eoml)ined halogen. 
The product seems to be a complex mixture and is distilled at 30 mm., 
when four fractions are isolated : ( 1 ) 30 per cent- of the })roduct, B .pt. 135° 
to 160° C,; (2) 55 per cent., B.pt. 160° to 24-0° C.; (3) 10 percent., B.pt. 
240° to 300° C.; (4) 5 ])er cent., dark brown residue. Ilefractionation 
gives a fraction 135° to 1 60° ( I- which is mostly dibeni!;yl, and the principal 
fraction boils at 240° to 250° C. at 20 mm. This is distilled into two 
products : (1 ) 240° to 244° C!. ; (2) 244° to 248° C- at 20 mm. Both these 
portions are found by analysis and molecular weight to he almost pure 
dibenzyldiethyldipropyLsilicoethaue, but the higher fraction (244° to 
248° C-) is the purer sample. 

The body is a colourless, moderately mobile liquid, with a faint, 
pleasant smell, and is specifically lighter than water. It is sparingly 
soluble in cold methyl alcohol and miscible in most organic solvents. 
It is practically stable in aqueous alkali hydroxides, and there is no gas 

1 Kipping, Trans. Ohm- ^oc., 1921, 117 , 647- 

* Kipping, ibU., 1907, 91 , 218. 

® Kipping, ibid. 
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evolution when the comj>ound is warmed in a solution of sodium 
methoxide in methyl alcohoL It slowly decolorises bromine in 
carbon tetrachloride .solution and fumes are evolved. An acidified 
solution of potassium dichromate is not appreciably oxidised by the 
silieoe.thane. 

Sulphonation of dUdiben^/ldiethyldipropylsilicoethane. — pale yellow 
emulsion is formed when a quantity of the silicoethaue is shaken with 
concentrated sulphuric acid. On gentle warming the emnision gives 
place to a solution which dissolves in cold water. The solution is 
neutralised with ammonium hydroxide, and when an aqueous solution 
of brucine hydrochloride is added a colourless precipitate is produced, 
which gives colourless needles when crystallised from acetone. When, 
however, a larger quantity of silicoethane is allowed to stand at the 
ordinary temperature with sulphuric acid, after some hours it changes to 
a water*clear solution, and this does not all dissolve in a relatively small 
quantity of water until ammonium hydroxide is added. 

Brucine hydrochloride gives a precipitate as before, which is easily 
soluble in cold acetone, but does not separate in crystals as previously. 
The brucine salt from the two experiments has been fractionally pre- 
cipitated from a solution in hot chloroform by addition of ben?:ene. A 
gelatinous powder results, and this is no longer completely soluble in 
acetone. The insoluble portion is recrystallised, using the same solvents, 
and finally a colourless jxiwder is obtained which seems to be the 
brucine salt of the disulphonic acid.^ 

Formula : 

Si.EtiPi-.CHa.CeH^SOgH 

I .2C2aH260,N.,.2Ho0 

Si.Et.Pr.CH 2 .C 6 lI,iS 03 H 

l-Menthylamine salt of the disulphonic acid of dibenssyldiethyldipropijl- 
silicoethane. — The brucine salt does not crystallise well, so an aqueous 
solution of the ammonium salt of the disulphonic acid is treated 
with an aqueous solution of hmenthylamine hydrochloride until there 
is no more precipitation. The precipitate is filtered and washed with 
water, then with methyl alcohol. At first a clear liquid comes through 
the filter, then lustrous crystals separate, but these become pasty as 
filtration is continued, and addition of water only gives a pasty com- 
pound. The crystals cannot be obtained again ; possibly they appear 
owing to a favourable concentration. The pasty mcnthylamine salt 
is dried and crystallised from acetone, giving a colourless powder. It 
is further purified by using a mixture of acetone and metliyl alcohol, 
and finally it is crystallised from wet ethyl acetate. The salt produced 
is doubtless the normal l-menthylamine salt of the disulphonic acid, 
formula, C,4H380gS2Si2.2CiQH2iN.3H20.^ Under the microscope the 
colourless powder appears in fern-like crystals ; the anhydrous salt 
sinters about 208° C., and melts at about 220° C. It is more soluble in 
wet than dry organic solvents. A solution of the sodium salt of the 
menthylamine salt seems quite optically inactive ; the solution gives 
precipitates With d-hydrindamine and d-methylhydrindamine hydro- 
chlorides. 

1 An air.dried sample lost 5-1 per cent, of water at 100° C., and the anhydrons salt 
was hygroscopic. 

“ An air-diried sample lost 6-2 to 6*3 per cent, of water at 100° 0. 
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Aryl Derimtives of the Type Si^Phg and 

When metallic sodium and diphenylsilicon dichloride (rather more of 
the medal than calculated for the proportion 2Na : SiPhgClg) in 3 to 10 
vohmicii nl‘ tolncne or xylciic are heated, reaction occurs as the sodium 
melts. In some ca.scs the metal was added in small quantities, and in 
other.s* the diehloride was added slowly to the metal, but either process 
yives the same result. From the solution, six-sided crystals separate 
(A), and tlu* solution is cooled and filtered, the dark blue residue being 
extracted with boiling tolucmc. This extract deposits crystals oi‘ (A), and 
troni the luothcrdiqnor.s a second crystalline substance (C) is obtained. 
The dark blue powder, treated with alcohobacctic acid, then with water, 
gi\‘cs a small quantity of flocculent substance (D), 

The residue from the original toluene or xylene filtrate is a resinous 
mass on evaporation, most of it (E) dissolves readily in acetone, leaving 
a colourless* powder from which three crj^^stalline compounds have been 
obtained : (A ) which is only sparingly soluble in boiling toluene, (B ) which 
is readily soluble in cold toluene, and (Cl) winch is even less soluble than 
(A). These compounds are dealt with below. 

"Unsaturated” Silicohydrocarbon, Si^Phg, (A). — ^This com- 
pound crystalli.ses from boiling beni^.cne in short, flat, well-defined 
l^ri.siii.s, melting about C. It is hisohiblc in most common solvents 
at the ordinary temperature, but is appreciably soluble in benzene or 
toluene, and easily in boiling aniline, benzyl alcohol, or phenol, but 
imolongetl boiling tend.s* to decomposition, .It is comparatively s*table 
to boiling aquemi.s alkalie.s and .s*odium methoxide in alcoholic solution, 
but is ra])idly decomposed by boiling with wet piperidine. With iodine 
in ben/.ene .solution it is transformed to octaphenyldi-iodosilicotetrane. 
When boiled for three to five minutes with tctraehloroethane, a crystal- 
line product is isolated which melts Jtt about 180° C., and is supposed 
to be the diehloride, Si^PhgClg. The “ uiisaturatcd ” silicohydrocarbon 
is dccouqwsed after five minutes’ boiling with nitrobenzene, giving tbe 
oa;ide SijPhgOa or diol Si jPh 8 (OII) 2 , 

The silieo-hydrocarbon also undergoes atmospheric oxidation, is 
oxidised by boiling* with henzaldehycle, ethylene dibromide, bromo- 
benzeiie, or pho.sphorus tribromide, or by ozone, when the hydrocarbon 
is covered wilJi carbon tetrachloride and dilute ozonised oxygen passed 
in. In all cases the oxide, Si^PhgO, is isolated, and from these reactions 
Kipping has sugge.sted that tlii.s compound may contain tervalcnt silicon, 
and be repre.sented by , . . SiPh^.SiPha.SiPhg.SiPh^ . . 

Octaphenyldi-iodosilicotetrane, Si 4 ph 8 l 2 , prepared from the 
hydroeai‘bon as stated above, is a colotirless or pale-yellow product, 
which turns pink and then yello*wish-brown on exposure to light and 
moisture. It eiystalliscs from benzene or ether in lustrous, very acute, 
rhomboidal plates, which do not melt below 250° C. In cold ether it is 
only very sparingly soluble, moderately soluble in cold benzene, but 
these solutions soon turn brown on exposure to air. Hydrolysis of the 
compound by an ammoniacal solution of acetone yields octaphenyl- 
silicauetetrane oxide, Si 4 PhaO, and the rhomboidal oxide, Si^PhgO .^ ; *&e 
former oxide i.s also obtained when the hydrolysis is carried out with 
aniline and water. 

^ Kipping and Sand, Trans. Ghent. Soe., 1921, 119, 830, 848. 

® Kipping, Trams. Ghent. Soc., 1923, 123, 2590, 
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The iodide when treated with sodinm in xylene solution gives 
sodium iodide and the “ unsaturated silicohydrocarbon. Witlr 
magnesium ethyl bromide, the iodide yields octa/phenyldiethylsilico- 
tetrane^ which crystallises from aqueous acetone containing a little 
chloroform in flat, transparent, rhomboidal plates, containing 3 raols. 
of water of crystallisation. When anhydrous, it melts at 253° to 
254° C. ; when heated with piperidine and sodium hydroxide, it decom- 
poses with evolution of hydrogen . ^ 

Octaphenylsilicotetrane oxide. 



SiPha.SiPhg' 

SiPh2.SiPh2 



>0 



Formed as just described by the hydrolysis of the di-iodide, it crystallises 
in microscopic needles, different samples varying in melting-point 
between 220° and 260° C. It is only slightly soluble in cold alcohol, 
acetone, glacial acetic acid, ether, or chloroform, but may be crystallised 
from mixtures of chloroform, benzene, or acetone. From aniline, 
nitrobenzene, or hot ethyl acetoacetate it crystallises in rosettes of long, 
transparent prisms, which become opaque when warmed with acetone. 
Sodium hydroxide in acetone solution attacks it with evolution of hydro- 
gen, and nitric acid or hydrogen bromide in glacial acetic acid solution 
oxidises it to the rhomboidal oxide- 
The Rhomboidal oxide, 

SiPln^.O.SiPha 

SiPha.O.SiPhg 



crystallises from ethyl acetate, chloroform, or benzene in rhomboidal 
crystals or in fem-like masses and is apparently dimorphous. It is less 
soluble in chloroform or benzene than the preceding oxide. It melts 
sharply to a clear liquid at 221° to 222° C. 

Saturated Silicohydrocarbon, Octaphenylcyclosilicotetrane, 
Si^Phg, (B). — This compound forms short, rectangular prisms, which 
do not melt at 400° C., but soon become plastic if kept at this tempera- 
ture. It is very soluble in cold benzene, cold chloroform, or hot ethyl 
acetate, but sparingly soluble in boiling acetic acid, and almost insoluble 
in cold acetone, e-&er, or alcohol. It is very stable towards iodine in 
benzene solution, bromine, tetrachloroethane, or nitrobenzene, but it is 
attacked by wet piperidine at 90° C. after several hours. From the 
decomposition products, diphenylsilicanediol and tetra-anhydrotetra- 
kisdiphenylsilicanediol have been isolated. The former of these two 
compounds is also obtained from the action of aqueous methyl alcohol 
or acetone solutions of alkali hydroxides on the silicohydrocarbon. 
Nitric acid in acetic acid solution partially transforms the silicohydro- 
carbon to the rhomboidal oxide,^ 

Silicohydrocarbon, [SiPha],!, (C), is deposited along with (A) from 
the toluene extract and requires prolonged extraction to remove It from 
the blue residue. When the blue salt is treated with alcohol -acetic acid, 
then with water, (C) and (D) are obtained. These may be separated by 

1 Kipping, Trans. Chem. 8 oc„ 1923, 123 , 2598. 

2 An amorphous form of octaphenylcyclosilicotetrane has recently been prepared 
(Kipping, J. Chem, 80 c., 1927, p. 2727). 
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prolonged extraction with boiling benzene or toluene. To separate (C) 
from (A), the latter is converted to the di -iodide, leaving (C) nndissolved. 
The latter crystallises from benzene in Imtrous, transparent, six-sided 
pyramids and rhombohedra. (C), unlike (A), is not affected by boiling 
tetrachloroethane or nitrol)enzene, and it does not react with iodine in 
boiling toluene or bromine in chloroform solution at ordinary tempera- 
ture, Prolonged warming with acetic acid containing iritric acid, or 
with 50 per cent, iritiic acid, does not affect it, nor is it acted upon by 
sodiuirr hydroxide in irrethyl alcohol or piperidine and sodium hydroxide 
oir heating.^ 

Silicohydrocarbon, [SiPlrg]^, {B).— To isolate (D) the dark blue 
residue contaiirirrg sodiurrr arrd sodium chloride is first extracted with 
boiliirg toluerre until it appears to be free from (C), then added slowly to 
alcohol-acetic acid nrixturc, keepirrg the acid in excess. After addition 
of water to the mixture, the iirsolublc residue is washed with water by a 
diffusioir process, then washed with aectoire and extracted with large 
volumes of hot l)crr/.crrc. It appears to rurdergo slight aturospheric 
oxidatiorr., arrd is more readily oxidised by nitric acid in acetic acid 
solutioir thair (A), (B), or (Cl). If the mixture is heated, condensation 
products of di})hcnyisilicancdiol arc jn-incipally formed, and a similar- 
result is obtained with an acetic acid solution of potassium perman- 
ganate, With nitrobenzene, potassium hydroxide, and piperidine- 
alkali mixtures, products are obtained which can be converted iirto 
diphenylsilicanediol. 

When an acetone solution of (E) is kept in a closed vessel it deposits 
crystals of octaphcrrylcyclosilicotetrane (B ) ^ and a very small pro- 
portion of (C), This seems to show that (E) undergoes a transformation 
into (B). An acetone sohrtiorr of (E) when treated with alcohol gives 
at fn-st a white, plastic precipitiitc, which can be pulled into long threads 
which change into a very brittle solid as tire solvents evaporate. When 
sy.stcmatic fractional precipitation is carried out and continued until 
each of the originnl fractions has been rcdissolved and reprecipitated 
several times, the most .sparingly soluble portion, now precipitated in a 
llocculent form, if -again treated with cold acetone, usually gives a very 
small se}>aration of (B ), with traces of { C ), and this separation of insoluble 
matter seems to continue indefinitely. Most of the original preparation, 
however, is merely resolved into fraction.s, all miscible with acetone, the 
more sparingly soluble of which consist of an easily fusible, resinous sub- 
stance of composition [SiPhjj]^ which may be termed (Ei), When (E) 
is obtained from diphcnylsilicon di(?hloridc of about 95 to 97 per cent, 
purity, the product after two precipitations consists mainly of (E^), 

The silicohydrocarbon (Ej).— When preparations of [SiPhal^ are 
fractionally extracted with boiling alcohol or boiling light petroleum, 
or precipitated from hot phenol with alcohol, their properties undergo 
little change, and no crystalline product is isolated save traces of (B). 
Fractional diffusion of the acetone solution through glazed earthenware 
also fails to yield crystals* The preparations begin to sinter from 110° 
to 130° C,, but have no definite melting-poiut. They are miscibje with 
cold ether, benzene, and chloroform, separating out as glues,” which 
become brittle, but are only sparingly soluble in boiling light petroleum 
and very sparingly in boiling alcohol or glacial acetic acid. The eom- 

1 Kipping, Trans. CUm. Soo., 1924, I25, 2291. 

s Ki|>^iiiig, J, Ch$nh, Soc.f 1927 p. 2719. 
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pound (E^) is not particularly reactive witli iodine in cold benzene 
solution, and a little bromine is absorbed in carbon tetrachloride solu- 
tion, but it takes a loni^ time before the proportion reaches Brg : [SiPh,] 2 . 
When (El) in partial solution in glacial acetic acid is cautiously oxidised 
with nitric acid, it yields the rhomboidal oxide, p. 288, but it is almost 
entirely converted into crystalline and oily condensation products of 
diphenyl silicanediol. 

Action of Sodium on Phenoxydiphenylsilicyl Chloride. 

The phenoxydiphenylsilicyl chloride required for this reaction is pre- 
pared as follows :: ^ One mol of phenol in a little benzene is slowly added 
to diphenylsilicon dichloride at about 150° C. Hydrogen chloride is 
evolved and the liquid is heated until no more gas is evolved (about three 
hours). The product is then distilled at 40 mm., the following fractions 
being collected : 200° to 240° C. (15 to 20 per cent.) ; 250° to 260° C. 
(about 45 per cent.) ; 280° to 310° C. (large fraction). 

Phenoxydiphenylsilicyl chloride, Si(CgH5)2C1.0CeH5, is isolated by 
further fractionation of the portion, B.pt. 250° to 260° C. It is a thick, 
very faintly fuming oil, B.pt. 252° to 254° C. at 40 mm., miscible with 
light petroleum, soluble in 5 per cent, potassium hydroxide, yielding the 
potassium derivatives of phenol and of diphenylsilicanediol. It becomes 
solid on standing in air, this substance after crystallising from benzene 
consisting of trianhydrotrisdiphenylsihcanediol. 

Diphenoxydiphenylsilicane, Si(CgH 5 ) 2 (OCgH 5 )g, crystallises from the 
fraction above 280° C., but it requires fractionating again to obtain a 
pure product. It crystallises from light petroleum in massive, colour- 
less prisms and octahedra, M.pt. 70° to 71° C., very soluble in ether, 
chloroform, benzene, or acetone, moderately soluble in cold alcohol. 

Freshly distilled phenoxydiphenylsilicyl chloride in 4 volumes of dry 
toluene is treated with an excess of sodium and heated. The meUal 
becomes covered with a blue crust, and after two to three hours’ boiling 
some colourless crystals are deposited. The hot solution is filtered, the 
blue residue (I.) washed with toluene, and the combined filtrate and 
washings evaporated under reduced pressure. The colourless, oily 
product on treatment with light petroleum yields a crystalline ]>rcdpi- 
tate (II, ), and the filtered solution on dilution with more petroleum gives 
an oily separation (III.). The clear petroleum solution decanted from 
the oil gives an oily deposit (IV.) when kept at 0° C., but even then 
contains a large quantity of product (V.). 

From the residue (I.) only octaphenylsilicotetranc is isolated. 
Diphenoxyoctaphenylsilicotetrane, PhO.[SiPh 2 ] 4 -OPh.—The pre- 
cipitate (II. ) consists of octaphenylsilicotetranc and diphenoxy[>hcnyl- 
silicotetrane, the latter being extracted by boiling benzene. When 
further crystallised from chloroform, then benzene, it sei)arate.s in well- 
defined, rhomboidal pyramids and in prisms, M.pt. 21 5*^ to 216° C, It 
is decomposed when heated with piperidine and concentrated sodium 
hydroxide, giving the sodium derivatives of phenol and diphenylsilicanc- 
diol. It is practically insoluble in ether, acetone, alcohol, and glacial 
acetic acid, but very soluble in boiling aniline. 

From fractions (HI.) and (IV,) by extraction with light petroleum, 
diphenoxydiphenylsihcane and some diphenylsilicanediol may be 

1 Kipping, J. Chem. Soc., 1927, p. 2728, 
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ol)tained, but the composition of other products has not been definitely 
settled, and the same applies to the constitution of fraction (V,), 



Organomeiallic Silicon Coni'pounds containing Lead, Tin, and Arsenic. 

1 - Triethylsilyl - 4 - trimethyl plnmbyl -benzene, Et 3 SiCeH 4 Pb 
Mcg,^ i.s obtained from the magnesium compound of triethyl-p-bromo- 
piienyhiionosilane and trimetlijd lead chloride in ether. It is a colourless 
oil, soluble in absolute alcohol and miscible with ordinary organic solvents. 
Two atoms of bromine at —75° C. remove the aromatic group, giving 
{CH.j)PbBr and Ktg-p-Br.Cgll^Si. Tricthylsilyl-4*triniethylplumbyh 
benzene has a faint smell, boils at 191° C. at 17 mm., and does not decom- 
pose on distillation; density 14032 at 20° C. ,* 1*3997 at 23*8° C. ; 
nua 1*5 1379, uu 1*51937, iin,, 1*562 iO, Un. 1*57417, at 23*8° C. 

1 -Triethylsilyl -4 -triethylstannyl benzene, Kt 3 SiCeH 4 SnEt 3 , is 
similarly prepared from the inagiic.sinm compound of triethyl-p-bromo- 
phenyl-monosilane and trictliyl tin bromide. It boils at 214° C. at 
ISninn ; demsitv 1*1216 at 21*2° C. ; nu„ 1*52316, i1d 1*32756, nnp 
1*53888, inr- 1 -51*80-1*, at 21*2° C. 

1 -Triethylsilyl -4 -diphenylarsyl benzene, Et 3 Si.C 6 ll 4 .AsPh. 2 , is 
produced from the sodium compound of diphenylchloroansine and 
tricthyl-'p-'Chlorophenyl-monosilanc in ether and a little acetic ester. 
It is a colourless oil, B.pt. 279° to 281° C. at 17 mm, ; density 1*1673 at 
20° G., 1*1661 at 21*3° C. ; Unu 1*60784, ud 1*61455, uh^s 1*63181, uh^ 
1*64718, at 21*3° C. 

It is slightl)'' soluble in methyl alcohol and easily in ethyl alcohol 
and the ordinary organic* solvents. 



Gr.llMANIUM. 

Alkyl Derivatives of Type R 4 Ge. 

Germanium tetrachlonde has been selected as the starting-point for 
several of these orgaiiometallic compounds because it is easily obtainable 
in a high degree of purity.^ 

Germanium tetramethyl, Ge(CIl 3 ) 4 ,^ — In 1871 Mcndcleeff pre- 
dicted that germanium or eka-silicon would form volatile organometallic 
compounds, and it was Winkler, the discoverer of germanium, who in 
1886 first produced germanium tetraethyl. Germanium tetramethyl is 
obtained by the Grignard reaction, and as it is impossible to separate it 
from ether in the vacuum distillation ajiparatus,^ it became necessary 
to reduce the quantity of ether, which made a specialised apparatus 
compulsory. Twenty gram.s of magnesium turnings and 200 c.c. of 

1 Griittnpi* and Krauso, Ber„ 1917, 50 , 1559. 

® It was first obtained far this purpose by passing chlorine over crystalline germanium 
at fairly high temperatures (Dennis and Hanoe, J. Atner. Ohem. Boc., 1922, 44 , 304). To 
avoid the preparation of metallici germanium from the dioxide another method has since 
been used (Taborn, OrndofE, and Dennis, J. Amer. Chem. 80 c., 1925, 47 ? 2039). Germanium 
dioxide was susiamded in c-oncentrated hydrochloric, acid and hydro^n 011101146 passed 
into the warm liquid. At 70° C. gt»rmaiiiiun tetrachloride distilled with traces of hydro* 
chloric, acid. By moans iif a sjx'cial pic'Ce of apparatus all the acid was i*emoved and very 
pure germanium tetrachloride produced. 

® Dennis and Hanoe, J. Physical Ohem., 1926, 30 , 1055. 

* Laubengayer and Corey, J. Physical Ohem., 1926, 30 , 1043. 




292 



OEGANOMETALLIC COMPOUNDS. 



dry ether are mixed and cooled in ice and salt, and 80 j^rams of niethjd 
bromide in 100 grams of dry ether at —20° C. are slowly added to the 
mixture with bri.sk stirring. When the reaction ceases tiic contents of the 
flask are boiled for about half an hour, and then the ether is removed — 
the last traces by suction. Two hundred c.c. of dry xylene are then 
introduced. Germanium tetrachloride, 1 mol. to 8 mols. of Grignard 
reagent, is slowly added to the magnesium methyl bromide, the latter 
being kept warm. When the reaction ceases the ether is liberated 
and the xylene kept back by two condensers in the apparatus. The 
liquid remaining is fractionally distilled, and the greater part passes over 
at 34° C. Repeated fractionations, however, do not remove the ether 
from the germanium tetram ethyl. Consequently the mixture is treated 
with about twice its volume of cold concentrated sulphuric acid, and the 
heavy layer of ethyl sulphuric acid separated from the lighter organo- 
metallic compound. Tliis is washed several times, then dried over 
calcium chloride, and an arc spectrum revealed the product to be practi- 
cally free from impurity. Germanium tctrametliyl is a colourless, 
oily liquid, of a pleasant, sweet odour, resembling chloroform to some 
extent, and totally different to germanium tetraethyl. It bums with a 
sooty flame, which is yellow on the outer surface and deep-red on the 
inner zone, Nitric acid slowly oxidises it at 0° C., chlorine acts upon 
it rapidly in the cold, but bromine is much slower in action. Iodine 
has no effect for forty-eight hours. Germanium tetramethyl is soluble in 
alcohol, ether, and benzene, and it melts at about — <S8° C. and boils at 
43-4° C. The index of refraction at 23-5° C. is 1-3868, and two density 
determinations at0° C. are 1-003 and 1-009. 

Germanium tetraethyl.^ — Winkler first obtained the compound 
from germanium tetrachloride and zinc diethyl, but the sample was not 
pure. Dennis and Hance started with pure zinc diethyl, using the 
reaction of Lachman,^ heating ethyl iodide with zinc-copper couple at 
100° C. They used a series of vessels, so arranged that the zinc diethyl 
was made, purified, and transferred without contact with the atmosphere. 
The zinc -copper couple is prepared by heating 25 grams of zinc dust and 
200 grams of powdered copper oxide in a current of hydrogen at about 
550° to 600° C, till reduction is complete. This is crushed in au agate 
mortar and mixed with an equal weight of dry sand which has jjreviously 
been treated with boiling hydrochloric acid. The sand facilitates the 
penetration of the powder by the ethyl iodide. 

The reaction between germanium tetrachloride and zinc diethyl, 

2Zn(C2H5)2+GeCl,=2ZnCl,+Ge{C2H,), 

is found to be catalysed by one or both of the products. The zinc 
chloride does not seem to affect the speed of the reaction, but when 
germanium tetraethyl is used, although the reaction starts lethargically, 
it soon becomes so rapid that it is difficult to control. When, however, 
germanium tetrachloride containing both zinc chloride and germanium 
tetraethyl is run into zinc diethyl, the reaction continues smoothly to 
completion. The pasty mixture is freed from zinc diethyl hy adding 
small pieces of ice until the latter is decomposed. A 10 per cent, solution 

' Winlder, J. praJd. Chpn., 1887, 144, 177; Delmis and Haiico, Atmr. 

1925, 47, 370 ; Tabem, OrndorfE, and Dennis, 1925, 47, 2039. 

2 Lactiniann, Amer. Chem. J., 1900, 24, 36. 
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of sodium hydroxide is next added and the mixture distilled in steam. 
Germanium tetraethyl and water are collected. After a second steam- 
distillation the tetraethyl is separated, dried over calcium chloride, and 
again distilled. 

Germanium tetraethyl has also been obtained by the Grignard 
reaction. Forty-four grains of ethyl bromide and 9-6 gi-ams of mag- 
nesium are converted into ethyl magnesium bromide in the presence of 
200 c.c. of ether. To this is added 10-7 gi*ams oi‘ germanium tetra- 
chloride in diy benzene. During the addition the liquid is stin'ed and 
boiled, and then warmed on a water-bath for three hours. Ice and acetic 
acid effect the decomposition, the organic solvent "layer being separated 
and the benzene and ether removed by distillation. The r^idue boils 
between 155° and 165° C, It is twice treated with concentrated sul- 
phuric acid, washed, dried, then fractionally distilled. The germanium 
tetraethyl comes over between 162-5° and 163° C. (uncorr.), yield 60 per 
cent. It is a colourless oil of pleasant, characteristic odour, ^ The 
compound burns with a flame whose outer part is yellow and inner zone 
red, shading to bine near the burning liquid. It is slightly soluble in 
water, and soluble in many organic solvents. It is difficult to oxidise, and 
chlorine reacts with it but slowiv. Germanium tetraethyl boils at 
163-5° and melts at -90° C, ; density 0-9911 at 24-5° C. ; n 1-443 at 
17-5° C, 

Germanium tetrapropyl, Ge(CgH 7 ) 4 . — It is prepared in the follow- 
ing way : Propyl magnesium bromide is made from 50 grams of 
propyl bromide, 9-6 grams of magnesium, and 200 c.c. of ether. When 
the reaction ceases the ether is distilled off and replaced by dry benzene. 
Eleven grains of germanium tetrachloride in dry benzene are slowly 
added with constant stirring and boiling. After further boiling for 
an hour the mixture is decomposed by ice and acetic acid, the solvent 
layer being separated off, dried, and distilled. The fraction boiling 
between 200° and 230° 0. is shaken with concentrated sulphuric acid, 
and again washed, dried, and distilled. Most of the oil boils at 225° C., 
and gives a 76 per cent, yield. It is a colourless, mobile liquid, with a 
petroleum-like odour. It di.ssolves in iodine, but at 50° C, it does not 
react with it to any extent. Ignition of tlie oil is not easy, but once it 
begins to burn it liberates a cloud of germanium dioxide ; density 
0-9539 at 20 ° C., M,pt. —73° C. ; B.pt. 225° C,at 746 mm, ; ^ n 1-451 at 
17-5° C. 

Germanium tetra-n -butyl is a colourless, oily liquid, B,pt. 178° to 
180° C, at 733 mm.s 

Germanium tetra -isoamyl, Ge(C 6 Hu) 4 -^ — Sixty -five grams of 
isoamyl bromide are slowly added to 9*6 grams of magnesium suspended 
in ether. The ether is replaced by dry benzene and 11 grams of german- 
ium tetrachloride in benzene added, after which the mixture is boiled for 
three hours. Decomposition is effected in the usual manner and the 
solvents are eliminated by distillation. The residue is a heavy oil, which 
decomposes when distilled at ordinary pressure. At 10 mm, it boils 
mostly at 163° to 164° C. The yield of germanium tetra-isoamyl is 
87 per cent, ; density 0*9147 at 20 ° C, ; n 1-457 at 17-5° C. 

^ Tho oiiion-lOio odour described by Winkler must have been duo to impurities. 

® Tabern, Orndorff, and Dennis, J. Amer, Chem. Soc., 1925, 47 , 2039. 

* Omdorff, Tabem, and Dennis, J. Am&r. Ghem. jSoc., 1927, 49 , 2516. 

* Tabem, Orndorff, and Dennis, loc, cit. 
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Aryl Co7)ipounds of the Type R^Ge and their Derii'atives. 

Germanium tetraphenyl or Tetraphenylgermane, Ge(C 6 Hj) 4 . — 
This compound may be prepared in several ways, but the most satis- 
factory method appears to be as follows The ethereal solution obtained 
from the interaction of 14-2 grams of magnesium turnings and 76-4 grams 
of bromobenzene in 200 c.c. of absolute ether is transferred, by means of 
nitrogen pressure, through a siphon tube into a 3-necked, round-bottomed 
flask. This flask carries a condenser, a drying tube, a fumiel, and a tube 
reaching to the bottom to permit stirring by a stream of nitrogen. 
Anhydrous zinc chloride, 33 -2 grams, previously dried over phosphorus 
pentoxide, is suspended in 100 c.c, of ether and slowly added to the 
Grignard reagent. The mixture is stirred for one hour in the cold, then 
boiled for one hour, after which 100 c.c. of dry toluene are added and the 
ether removed on the water-bath. The product is cooled in icc and 
14*91 grams of germanium tetrabromide in toluene slowly added with 
vigorous stirring. The mixture is then boiled for sixteen hours on an 
oil-bath under an atmosphere of nitrogen. The mass is decomposed by 
cooling in ice and adding 200 c.c. of 2-Normal sulphuric acid, and the 
water -toluene mixture then boiled until no solid remains. The toluene 
layer is separated whilst still warm, dried, and the solvent removed with 
a vacuum-pump, the residue being recrystallised from benzene and hnally 
washed with low«boiling petroleum. The yield may be as high as 95*4 
per cent, if the reaction mixture is boiled sufficiently. The compound 
has also been obtained : (1) By the interaction of germanium tetra- 
bromide and magnesium phenyl bromide (2) by the interaction of 
germanium tetrachloride and magnesium phenyl bromide;® (3) by 
adding germanium tetrachloride to sodium and bromobenzene in 
ether. 

Germanium tetraphenyl is a white, crystalline product, M.pt. 235*7° 
C., readily soluble in hot benzene, hot toluene, chloroform, moderately 
soluble in carbon tetrachloride, carbon bisulphide, and acetone, sparingly 
soluble in alcohol, ether, and petroleum ether. It is not affected b}”^ 
boiling aqueous caustic alkali, or cold concentrated sulphnhc add, but 
the latter causes sulphonation on warming. Metallic sodium in liquid 
ammonia reacts slowly with germanium tetraphenyl, yielding sodium 
triphenyl germanide, NaGelCgHglg, sodamidc, and benzene; and with 
concentrated sodium solutions the colour changes indicate that a .second 
phenyl group is substituted.^ 

Triphenylgermanium fluoride, (CgHglgGeF, is obtained in 
practically quantitative yield by heating the corresjx»nding oxide with 
hydrofluoric acid in a platinum dish. The excess of hydrofluoric acid is 
evaporated and the product purified by distillation in a vacuum at 
150° C. The fluoride melts at 76*6° C. (corr. ), is insoluble in water, and 
only very sparingly soluble in Hquid ammonia, but it is extremely 
soluble in organic solvents. The fluoride is hydrolysed by alkalies, bn*t 
less readily than the bromide. It reacts with sodium triphenyl germanide 
to give hexaphenyldigermane. It is the most stable of the triphenyl 
germanium halides, 

1 Kraus and Foster, J. Amer, Chem. Soc., 1927, 49, 457. 

2 Morgan and Drew, Trans. Ohem. Soc., 1925, 127, 17fi0. 

» Tabern, OmdorfE, and Dennis, J. Atner. Chem. Soc., 1025, 47, 2039. 

* Kraus and Foster, lac. cit. 
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Triphenylgermanium chloride. i—Triphenylgernianium oT>iide in 
dry peti‘olcuin ether is saturated with hjrdrogcii chloiide, when the 
chloride separates in large, colourless crystals. It may also be obtained 
by dissolving the oxide in boiling alcohol and adding concentrated 
hydrochloric acid, or by saturating a solution of triphenylgermanium 
hroniide with hydrogen chloride and cooling. The chloride when 
crystallised iVoni petroleum ether melts at 117° to 118° C. 

Triphenylgermanium bromide was first obtained - along with 
germanium tctraphenyl by the interaction of magnesium phenyl bromide 
and gcTii\aniuin tetrabromide. It is more readily produced by direct 
bromination of gernianinni tetraphenyl in boiling carbon tetracliloride ^ 
or by brorainating hi ethylene dibromide, the reaction going to com* 
plction after a few minutes’ wanning in the latter case.^ It crystallises 
from petroleum (B.pt. 40° to 80° C.) hi large, colourless, transparent, 
six*sidcd, refractive, prismatic needles or small compact prisms, M.pt. 
138-7° C., very .soluble in the usual organic solvents, but sparingly in 
j)Ctroleuin ether. 

Triphenylgermanium iodide is a very unstable compound, 
formed by agitating a chloroform solution of the oxide with an aqueous 
solution of hydriodic acid. It forms pure white crystals from petroleum, 
M.pt, 157° C. (corr.), but becomes yellow when exposed to air for a few 
minutes. It readily hydrolyses and its solutions in petroleum ether 
become pink when exposed to the atmosphere for a short time, owing to 
the ])resence of free iodine. 

Triphenylgermanium oxide, ® PhaGe.O.GePhg, is obtained in 
quantitative yield when an alcoholic solution of triphenylgermanium 
bromide is boiled with silver nitrate, filtered from silver bromide and 
diluted with water. It crystallises from hot petroleum (B.pt. 60° to 
80° C.) in transparent, colourless prisms, M.pt. 182° to 188° C. In 
organic solvents it is more soluble than tetraphenylgcnnane, but less 
so than triphenylgermanium bromide. Aqueous sodium hydroxide (50 
per cent. ) does not attack it, but hydrobromic acid (density 1 -45 ) con* 
verts it quantitatively into triphenylgermanium bromide. 

Sodium triphenyl germanide, (Cgll 5 ). 3 Ge'Na.’- — ^Two atoms of 
sodium react with 1 mol. of lic-xaphciiyldigcrmnnc in liquid ammonia 
according to the equation ; 

2Na-f[(CeH5)3Gc],=2NaGe(CeHs)3 

The compound is very soluble in liquid ammonia, solutions changing 
from faint yellow to orange as tlie eoiieeutration increases. Concent 
trated solutions are extremely vi.scous, and crystals from liquid ammonia 
solutions contain 3 mols. of ammonia of crystallisation, which are 
readily eliminated at low pressures- Sodium triphenyl germanide is 
also very soluble in benzene saturated wth ammonia, and fairly soluble 
in ether and pure benzene. Solutions in liquid ammonia are as highly 
ionised as ordinary salts, and benzene solutions in the presence of 
ammonia readily conduct the current. Sodium triphenyl germanide 

^ Orndorff, Tabern, and Dennis, J. Aimr. Chem. Soc., 1927, 49 , 2512. 

2 Morgan and Drew, loc, cit. 

® Kraus and Foster, loa. cit. 

* Orndorff, Tabern, and Dennis, Zoo. cit. 

® Kraus and Foster, loc. eit. 

® Morgan and Drew, loc. cit. 

’ Kraus and Foster, loc. cit. 
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readily oxidises to the germanolate, and with ammonium bromide 
or water, triphenylgermane is quantitatively produced. The sodium 
compound with triphenyl germanium fluoride in liquid ammonia gives 
a small yield of hexaphenyldigermane. Bromobenzene reacts with 
an ethereal solution of sodium triphenyl germanide, yielding principally 
germanium tetraphenyl and some hexaphenyldigermane, whilst with 
tin trimethyl bi-onhde, trimethylstannyhtriphenyigerrnane is the chief 
product. 

Sodium triphenyl germanolate, (CgHslgGeONa. — This compound 
is the oxidation product of the preceding derivative, the operation being 
carried out in the dry state, or in benzene or liquid ammonia solu- 
tions. The product obtained from the latter solvent contains 1 mol. of 
ammonia of crystallisation, and the dry substance does not melt below 
250° C. It is very soluble in benzene and petroleum ether, the com 
pound from this solvent melting at about 100° C. The benzene solution 
is orange in colour. 

Triphenylgermane, (CeH^laGeH, is quantitatively prepared^ by 
treating sodium triphenylgermanide in liquid ammonia with annnonium 
bromide or a benzene solution of the same compound with water. The 
ammonia is evaporated and the germane extracted with petroleum ether, 
the latter being removed under reduced pressure. The product remain- 
ing is distilled in a vacuum at 150° C. at 0-01 mm. pressiu'e. The oily 
liquid which distils soon becomes a white solid. Triphenylgermane 
exists in two nionotropic forms. The a-form is the mo.st stable mid 
melts at 47° C., the ^-form at 27° C. When the ^S-form is maintained at 
30° C., it completely solidifies immediately when seeded with the a- 
form, TViphenylgermane is very soluble in most organic solvents and 
shghtly soluble in liquid ammonia. It shows no tendency to decompose 
up to 250° C. ; its hot vapours are irritating and penetrating. On 
long standing in air it shows signs of oxidation. With halogens or 
halogen acids it reacts immediately, forming triphenylgennaniuin halides, 
Triphenylgermane and sodium in liquid ammonia react to give sodium 
tiiphenyl geimanide, and coloration of the solution shows the preseuc’e 
of disodium diphenyl germanide. 

Hexaphenyldigermane,! [(Ct,H 5 ) 3 Ge] 2 , occurs when triphcnyl- 
germanium bromide in diy xylene is heated witli an excess of sodium. 
The product separates on cooling and is recrystalhscd from warm beir/.cnc. 
It forms large, transparent cubes which crumble to a powder in the air. 
It is insoluble in boihng aqueous sodium hydroxide. In ordinary 
organic solvents it is only slightly soluble, and is practically insoluble 
in liquid ammonia.^ When suspended in liquid ammonia and treated 
with sodium it is slowly converted into sodinm triphenyl germanide. 
Bromination in boihng carbon tetrachloride gives triphcuyl germaninni 
bromide. 

Trimethylstannyl-triphenylgermane, {Cll3)3Sn.Ge{GeiIs)3,--~ 
This product is readily obtained by treating a liquid ammonia solution 
of sodium triphenyl germanide with tin trimethylbromide. It is a white, 
crystalhne solid, M.pt, 88° C,, having an odour characteristic of organic 
tin compounds. It dissolves in most organic solvents and reacts 
quantitatively with bromine to form triphenyl germanium bromide ami 
tin trimethyl bromide, 

1 Morgan and Drew, Trans. Chem. Soc., 1925, 127 , 1760. 

* Kraus and Foster, J. Amer, Chem. Soc.^ 1927, 49 , 4 .’ 57 , 
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Phenylgermanonic acid (Gci-maiii benzoic acid).^ — The aqueous 
motber-liquoi-s from hydrolysis of the Grignard mixture (used in the 
preparation of germanium tctraphcuyl) gi’jidually gi^’■e a colloidal, white 
precipitate, which is purified by solution in aqueous sodium hydroxide 
and reprecipitation by acid. It is a white, amorphous powder. 

Triphenyl germanol,- (C( 5 H 5 );}Gc,OH. — Sodium tri phenyl ger- 
manolate is converted to the germanol by treating its liquid ammonia 
solution with anmionium bromide or, better still, its benzene solution with 
\vater. It nielts at 134-2'^ C. (corr, ) and crystallises from petroleum ether 
in the pure state, but with solvent of crystallisation from benzene, 

Tetra-anhydrotetrakisdiphenylgermanediol and Trianhydro- 
tetrakisdiphenylgermanediol ^ are both isolated when germanium 
tetrabromidc interacts with 5 mols. of magnesium phenyl bromide. 
The quantities used are 4S-4 gimns of bromobenzene (5 mols.), 9T 
grams of magnesium, and 200 c.c. of ether. The resulting Grignard 
reagent is added to an ice*cold solution of 24-5 gi*ams (1 mol.) of 
germanium tetrabinmide in 100 c.c. of ether. The main product from 
the ethereal extract is 9 grams of tripiicnylgermanium bromide (37-5 
per cent.). The residual oil, which consists mainly of diphenylgerman* 
iuin dibroniide, together with triplienylgennaniuni bromide, diphenyl, 
and bromobenxene, is dissolved in 150 c.c. of alcohol and heated for an 
hour with 20 grams of silver nitrate in 100 c.c. of alcohol and 40 c.c. of 
water. The precipitate is mostly silver bromide. The filtrate is 
evaporated, then stearn*distilled to remove diphenyl and omitrophenol, 
and the rasidne extracted with ether, tliai cold petroleum. There 
remains 5 grams of a colourless substance which contains no bromine . It 
is next dissolved in ethyl acetate several times and fractionally crystal- 
lised, when the crystals are hand-picked. Three compounds are 
separated in this manner : triplieuyl germanium oxide, as thin, rhom- 
boidal or pentagonal plates, M.pt, 182° to 183° C, ; tetra-anhydrotetrakis- 
diphcnylgermancdiol ; and trianhydrotctrakisdiphenylgermancdiol. 

Tetra-mihydrotctrakisdiplienylgemianediol, 

/GePh.,.O.GcFlu. 

0<( " ">0 
\GcP}i2.0.GcPh/ 

forms colourless, cubical, and prismatic crystals, the latter with bevelled 
and faceted faces. When purified from petroleum or ethyl acetate it 
melts at 218° C> 

Trianhydrotetrakisdiphenylgernianediol, OH . GePh aO . GePlijO , Ge 

PhaO.GePhaOlL, M.pt. 149° C., fonns colourless, hexagonal prisms or 
flattened, rhomboidal crystals witlr bevelled edges.'^ Both of these com- 
pounds were examined crystallographically by Barker. 

Germanium tetra-p-tolyl, Ge(CeIl 4 .Cll 3 ),i,® is prepared by the 
Fittig and the Grignard reactions, but the first gives the better rc.suli. 
p-Bromotoluene, 84-2 grams, and 10-7 grains of germanium tetra- 
chloride are dissolved in 300 c.c. of dry ether and 4-8 grams of sodium 
are gradually added. The residue is extracted with ben/.ene and added 

^ Morgan, and Drew, Trantt. Chem,^ Boc., L92r>, 127 , 1760. 

* Kraus and Foster, loc. cit. 

* Morgan and Drew, hcu cit. 

^ Morgan and Drow, loc. cU. 

® Tabern, Orndorlf, and Dennis, J. Amer. Chem. Soe., 1926, 47 , 2039. 
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to the filtrate. Steam-distillation is followed by removal of the solvents, 
and the pasty mass again dissolved in benzene from which it separates 
on evaporation, and addition of ether gives germaniimi tctratolyl as 
white crystals. Repeated crystallisation from chloroform and benzene 
yields a pure product, M.pt. 224° C. It is more soluble than the corre- 
spending phenyl compound. 

Germanium tetrabenzyl, Ge(CgH 5 .CHo) 4 .^ — Nine grams of mag- 
nesium turnings suspended in ether are allowed to react with 5 grams 
of benzyl chloride. A mixture of 40 grams of benzyl chloride, 10 grams 
of germanium tetrachloride, and 5 volumes of dry xylene is tlieu added 
dropwise, with mechanical stirring and gentle refluxing. On conclusion 
of the reaction, sufficient xylene is added to form a paste, the ether dis- 
tilled off, and the residue after heating on the steam-bath for some hours 
is allowed to stand for two days. After working up in the usual manner, 
and steam- distilling to remove dibenzyl, a nearly quantitative yield ol 
germanium tetrabenzyl is obtained. When pure it melts at 107° to 108 
C. and is soluble in alcohol and light petroleum. When slowly dissolved 
in an excess of 25 per cent, fuming sulphuric acid below 85° C. it 
yields germanium tetrabenzyl tetrasul'phonic acid. Its normal barium salt 
dissolves readily and completely in cold water, but is insoluble in 
acetone, alcohol, and ether. 

Germanium triphenyl p-tolyl, (C 6 H 5 ) 3 .Ge.(C 6 H 4 .CH 3 ), is formed 
when triphenyl germanium bromide is treated wth a large excess of 
p-tolyl magnesium bromide in ethereal solution. To complete the 
reaction, the ether is replaced by dry benzene and tlie whole boiled for 
eight hours. The reaction product is decomposed by dilute aqueous 
ammonium chloride and steam -distilled to remove ditolyl. The residue 
is then crystallised from petroleum ether and alcohol or from glacial 
acetic acid. The compound melts at 123° to 124° C. 

Germanium triphenyl anisyl, (CgH5)3.Ge.{C6H4.0CIT3), prepared 
in a similar manner to the above, melts at 158° to 159° C. It is soluble 
in alcohol, sparingly soluble in cold glacial acetic acid. 

Germanium dimethylanilino triphenyl, (CH3)2NC6li4.Ge(C6Hr,)3. 
from triphenyl germanium bromide, p-bromodimethylaiiiline, and 
sodium in xylene, forms brownish, crystalline nodules, M.pt. 140° to 
141° C. The hydrochlo7‘ide melts with decomposition at 105° to ll(i° C., 
is insoluble in water and hydrochloric acid, but soluble in alcohol. 
When treated with alkali it gives the pure, free base. 

Germanium ethyl triphenyl, C2Hs-Ge.(CgHs)3, melts at 75° to 
76° C. 

Aryl Germanic Acid Anhydrides. 

Phenylgermanic acid anhydride, (CgHsGe0)20. — Equimolecular 
proportions of mercury diphenyl and germanium tetrachloride in dry 
xylene are heated in a sealed Pyrex bulb for two days, then diluted 
with dry ether and filtered. The solid residue is pure pheiiylmercuric 
chloride, and the filtrate is treated with benzene, and finally with water 
containing a few drops of ammonium hydroxide. The granular pre- 
cipitate which separates at the liquid interface is removed and dried 
at 115° C. The anhydride is a white, fluffy, amorphous solid, with no 
definite melting-point, soluble in excess of alkali, and reprecipitated by 
carbon dioxide, insoluble in water and organic solvents. 

1 OrndorfE, Tabern, and Dennis, J. A?ner. Chem. Soc., 1927, 49 , 2512. 
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P“Tolylgermanic acid anhydride is obtained by a similar process 
to the above, the reactants bciiii? heated at 160'^ to 190° C., whilst in the 
cjvsc of benzylgermanic acid anhydride the temperature required is 
llo° to 120° C, 

Dimethylaminophenylgermanic acid anhydride, [(CH3)2 NCqH4. 
GcO]^0. — Germanium tetrachloride is heated with an excess of dry 
diinethylaniliiie in a sealed ilask at 100° to 110° C. for two days. The 
anhydride is a pearly white, fluffy powder, soluble in very dilute mineral 
acids and excess of alkali. When kejDt for some time in an atmosphere 
of dry hydrogen chloride it is con\‘erted into the hydrochloiide of 
dimethylanilino gennonimn. trichloride : 

[(Cn3)2NC6H,j.Ge0]20+8nCl=2HCl(CH3)2NCeH4.GeCl3+3I-l20 

The hydrochloride melt.s with decomposition at about 110° C. ; 
annnonhnn hydroxide prc<-ipitates the anhydride from its aqueous 
solution, 



CHAPTER XIII. 



ORGANOMETALLIC DERIVATIVES OF TIN. 

The first organic compound of tin was prepared by Lowig in 1852. By 
heating an alloy of 1 part of sodium and 6 parts of tin with ethyl iodide 
he isolated tin diethyl. In the following year Frankland, by the distilla- 
tion of this compound, obtained tin tetraethyl. From 1853 onwards the 
number of organic tin derivatives has steadily increased, and in the last 
ten years considerable attention has been paid to mixed alkyl compounds 
of this inetaL The type of compound R^Sn (R=alkyl) comprises only 
five members, of which most work has been done on the ethyl compound. 
Following upon its preparation by the above method it was found that 
tin amalgam containing 14 per cent, of sodium when heated with ethyl 
iodide would produce tin tetraethyl along with tin triethyl iodide. In 
1855 Frankland published his researches on zinc ethyl, and applied 
this compoimd to the preparation of tin tetraethyl. The discovery of 
the Grignard reagents has, however, eradicated all these older methods, 
and used in combination with stannic chloride or bromide should be 
capable of producing any tin tetra-alkyl having four like groups attached 
to the tin. When the type R 4 Sn i.s treated with iodine, one of the alkyl 
groups is replaced by iodine, and the type RgSnX produced. This is 
the starting-point for mixed tetra-alkyls of the type RgSnR', which may 
be formed by treating the iodide with zinc alkyls or magnesium alkyl 
halides. With iodine or bromine at — 40° to —30° C. an alkyl group is 
split out from RgSnR' and RgSnX again produced. When the group X 
in the latter type of compound is iodine, it may be converted to hydroxyl 
by the action of aqueous alkali. By treatment with suitable acids the 
hydroxyl group may be replaced by acid radicles. When RgSnX is 
heated with sodium at 120° C, the hexa-alkyldistaimanes, RgSn.SnRg, 
are formed, and these when acted upon by halogens in the cold, or alkyl 
iodides at 200° C., revert to RgSnX. Addition of iodine to the types 
R^Sn and RgSnl gives RjSnIg, which reacts with zinc alkyls or mag- 
nesium phenyl halides to give RgSnRgh Ammonium or basic hydroxides 
replace the iodine in RgSnla by oxygen, and the oxide with hydrogen 
halides yields the corresponding halides. 

A compound of considerable interest is tin triniethyl, which is 
obtained from tin trimethyl bromide by the action of sodium, the 
operation being carried out in liquid ammonia. 

In 1883 Meyer isolated the first stannonic acid, R.SnO.OH, which 
gives rise to compounds containing only one alkyl group, RSnXg, when 
treated with acids. The stannonic acids themselves are prepared by 
the interaction of alkyl iodides and stannous chloride in potassium 
hydroxide solution, and are all white, amorphous products. 

The reactions of the aromatic compounds of tin are illustrated 
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j^eucrally in the scheme below, the phenyl eoinpouiids being used as 
examples. The heteroeyelie derivatives of tin eontaining the metal in 
the ring are fully explained hi the section dealing with these compounds. 




Alkyl Derivatives of the Type R^Sn. 

Tin tetramethyl, Sii(CHs) 4 , is isolated by the fractionation of the 
reaction product formed when 4 parts of tin amalgam (14 per ceit. Na) 
and 3 j)arts of methyl iodide are heated first on the water-bath and then 
at 1‘20® C.^ It is a liquid, the physical constants of which have been 
given as follows : B.pt. 76° to 78° C. ; density 1-838 at 0° C., 1-29136 

at 2.5-5° C. ; n„ 1-51749 ; iin 1-52009 ; n^ 1-53141. The compound is 
insoluble in water, reduces alcoholic silver nitrate solution, with iodine 
yields tin trimethyl iodide, and on warming with stannic iodide gives a 
mixture of tin methyl tri -iodide and tin trimethyl iodide. 

Tin tetraethyl 2 may be jirepared: (1) By the distillation of tin 
dietliyl. (2) When a tin amalgam containing 14 per cent, of sodium is 
heated with ethyl iodide, tin tetraethyl is formed, along with some tin 
tri ethyl iodide, (3) By adding anhydrous stannous chloride to zinc 
ethyl, taking care not to use excess of the chloride, and also to keep the 
temperature dowii during the reaction. The product is distilled from 
an oil-bath, and the distillate poured into water, whereby the tin diethyl 
is destroyed, and the tin tetraethyl obtained as an oil, which is washed, 
dried, and fractionated.® (4) By the interaction of zinc ethyl iodide 
and powdered tin at 150° to 160° C, Such a high temperature is not 
required if the tin be added to rinc copper couple and ethyl iodide. 

1 Laclonburg, AnnuUn >SuppL, 1872, 8, 7n ,- Oliiiu, Gazzetta, 1894, 24, i. 322. 

® 4^-aiiklaiitI, Amutlen, 18fi,3, 85, 340 i 1859, in, 46 ; Ih-aiikkiwl and Lawranee, 
Trans, Chem, Hoc.., 1870, 35, 130 ; Ladenburg, Anmlm Suppl . , 1872, 8. 64 ; L(itts and Collie, 
Phil Mag., 1843, [5|, 22, 45: Jahrfsber., 1886, p. 1601; Keiffer and Sclinui-iiian, Ber., 
1904, 37, 320 ; Buclktrui, Annalm, 1859, 109, 225 ; Popo and Peachey, IVoc. Ghem. Soc., 
1903, 19, 290 ; Gladstone, Trans. Ghem. Soc., 1891, 59, 293. 

® Frankland and Lawranee, he, cit. 
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Experiments with zinc-tin alloys and ethyl iodide show that in alloys 
containing from 1 to 50 per cent, of tin, half the latter metal is converted 
to tin tetraethyl. The yield of this compound is almost proportional to 
the mass of tin in the alloy, until it contains one-third of its weight of 
tin, after this the alloy becomes almost inactive, and the time necessary 
to complete the reaction increases considerably.^ (5) From tin diethyl 
di-iodide and zinc ethyl. (6) By the Grignard reaction, using stannic 
bromide or chloride, yields of 70 and 73 per cent, respectively are 
obtained. The preparation is carried out as follows : Twenty grams of 
ethyl bromide and 4-5 grams of magnesium are dissolved in 80 c.c. of 
dry ether, and then 10 grains of stannic bromide or an equivalent weight 
of chloride in light petroleum added, and the whole refluxed for one hour. 
After cooling the mass is decomposed with dilute hydrochloric or acetic 
acid, the ether layer separated off and dried over calcium chloride. It 
should be noted that if this ether layer is dried over potassium carbonate, 
tin tri ethyl carbonate is formed. 

The compound is a mobile, highly refractive liquid, insoluble in water, 
but soluble in ether. It boils at 175° C. ; ^ 180° to 1 81° C. at 758 mm. ; ^ 
density 1-187 at 23° C . ; nn 1-5143. It is unattacked by aluminium, 
sodium, or magnesium up to 180° C., but slightly by benzaldehyde. 
Likewise acetone and ethyl oxalate have no action, nor the following 
gases at ordinary temperature : ammonia, carbon monoxide, carbon 
dioxide, cyanogen, nitric oxide, oxygen, or hydrogen sulphide. Sul- 
phur dioxide is slowly absorbed with the formation of tin triethyl- 
sulphate and tin triethyl ethyl sulphonate. When warmed with concen- 
trated hydrochloric acid, tin tetraethyl yields ethane and tin triethyl 
chloride; and with thallic chloride, thallium diethyl chloride and tin 
diethyl di chloride.^ Treatment with iodine gives ethyl iodide and tin 
triethyl iodide- 

Tin tetrapropyl ^ may be prepared by the interaction of tin tri- 
propyl iodide and zinc dipropyl. It is a liquid, B.pt. 222° to 225° C. at 
760 mm. and 116° C. at 13 mm. ; density 1-179 at 14° C. and 1-1065 at 
20-2° C.;nHa 1'47126, iin 1-47448, Uh^ 1-48260, 1-48936, at 20-2°. « 

Tin tetra-isobutyl melts at —13° C. and boils at 143° C. at 16-5 mm., 
density 1-0540 at 23° C.; nnu 1*47112, ud 1-47423, nn^ 1-48206. nn,, 
1-48863, at 23° C. 

Tin tetra-isoamyP is readily prepared by treating isoamyl iodide 
with tin amalgam, or from magnesium isoamyl chloride and tin tetra- 
chloride.® It is a liquid, easily soluble in alcohol or ether and boiling 
at 188° C. at 24 mm. ; density 1-0353 at 19-6° C. ; n„ 1-46946, nn 1-47242, 
n^ 1-47989, n^ 1-48607, at 16° C. 

Alkyl Derivatives of the Type RgSiiR'. 

Tin trimethyl ethyl, Sn(CHg) 3 (C 2 H 5 ), was first isolated from tin 
tri methyl iodide and zinc ethyl,® but later from tin triincthyl iodide and 

* Letts and Collie, Proc, Chem. Soc., 1886, 2, 166. 

2 Pfeiffer and Schnurmann, Ber. 1904, 37, 320. 

* Franldand, Annalen, 1853, 85, 340; 1859, iii, 46. 

“ Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 2.56. 

® Cahours, Jahresber., 1873, p. 519. 

® Griittner and Krause, Ber., 1917, 50, 1802. 

’ Grlmjn, Annalen, 1854, 92, 394. 

® Krause, Ber., 1918, 51, 1447. » Cahoura, Annahn, 1862, 122, 48, 
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ma^)'iiesium ethyl bromide. ^ The compound is soluble in ether, and 
boils at 107° to 108° C. under 758 mm.; density 1-243. Treatment 
with iodine yields ethyl iodide and tin trimethyl iodide. 

Tin trimethyl n -propyl is a colourless liquid, boiling at 129° C. at 
701 mm. 

Tin triethyl methyl has been prepared ’ in the same way as the 
trimethyl compound. It possesses similar properties to the latter 
compomid, boils at IG2° to 163° C., and with iodine splits ofi the methyl 
group, ^delding tin tricthyl iodide. 

Tin triethyl n-propyl may be isolated by the action of magnesium 
n-proi)vl bromide or iodide on tin trimethyl bromide. It boils at 195° C. 
at 764 mm. 

Tabic XIII. of the Appendix gives a list of compounds prepared by 
the Ibllowing general method, together with their physical constants.® 
Three times the calculated (pinntity of inagncsinm alkyl halide is nsed, 
and after the introduction of the tin alkyl halide.s the mixture is boiled 
under rclhix for two hours, the ether removed, and the residue baked on 
the water-bath for one hour. After cooling, ether is added, and the 
whole dceonij)osecl with water. Mixed tin tctra-alkyls are converted 
into mixed tin trialkyl bimnides of the tyj^c R.,R'SnX by the action of 
bromine at - to -30° C,, an alkyl group being split out, this 
resembling the bromination of lead alkvls. 

Alkyl Derivative of the Type RoSnR. 2 '- 

Tin dimethyl diethyl, Sii(CIl3).2{C2H5)2, may be obtained in a 
variety of ways: (1) From tin diethyl iodide and zinc methyl.^ (2) 
From tin dimethyl iodide and zinc ethyl.® (3) By the interaction of 
magnesium methyl iodide and tin diethyl chloride, bromide, or iodide ; 
or by the action of magnesium ethyl bromide on tin dimethyl chloride, 
bromide, or iodide, the action taking place in ethereal solution.® 

The compomid i.s a colourle.ss liquid, B.pt. 144° to 146° C. ; density 
1-2603 at 0° th, or 1-232 at 19° C, It decomposes on distillation, and 
with iodine the methyl group,s are split off and tin diethyl iodide is 
formed, 

Tbr further compoimds ’ see Table XIV, of Appendix. 

Alkyl Derivatives of the Type RgSnR'R", 

Tin dimethyl ethyl propyl,®Sn(CIl 3 ) 2 (C 2 H 5 ).CH 2 .CH 2 ,CH 3 , isolated 
from the action of magnesium propyl bromide or iodide on tin dimethyl 
ethyl hromide is a liquid, boiling at 153° 0. at 762 mm. 

Tin methyl ethyl dipropyl from magnesium propyl bromide and 
tin methyl ethyl bromide is a colourless liquid, B.pt. 183° to 184° C. at 
758 mm. 

Tin ethyl n-propyl di-isoamyl® boils at 141° to 142° C. at 17 mm,, 

^ Pope and I’eaohey, iVoc. Ghem. Soc., 1903, 19, 290. 

Cahaiira, loc. dt. 

“ Griittiior and Kniuae, Ber., 1917, 50, 1802. 

^ Frankland, Aymalm, 1859, iii, 50. 

5 Murgunow, Atmalen; 1867, 144, 157. 

« Pope and I’cacliey, he. eit. 

’ tlriittner and Krause, he. cit 

® Pope and Poanhey, loc. cU. 

® (Jruttner apd Krfl-use, he. cit. 
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density 1-0654 at 21-9° C., iiHa 1-46902, np 1-47214, 1-47996, nn^ 

1-48652, at 21-9° C. 

Alkyl Derivatives of the Type RaSnX. 

Tin trimethyl fluoride, Sn(CH 3 ) 3 F.^ — This compound, in common 
with the other fluorides of tin, may be prepared either by the addition of 
aqueous hydrofluoric acid to the corresponding trialkyl hydroxide, or 
by treating alcoholic solutions of other tin trialkyl halides with excess 
of a neutral aqueous solution of potassium fluoride. The compound 
forms colourless prisms, which commence to darken at 360° C. and 
blacken at about 375° C. 

Tin trimethyl chloride ^ may be formed from the hydroxide by 
the action of hydrochloric acid. It has more recently been obtained 
from tin trimethyl solutions by the action of calcium chloride in dry air, 
and by treating tin trimethyl with mercuric chloride in ethereal solution.® 
It is a liquid having similar properties to the ethyl compound. It forms 
a compound with 1 mol. of aniline, and with I mol. of pyridine, 
the latter melting at 37° C.^ By reduction with sodium in liquid 
ammonia it yields sodium trimethyl stannide, which is a light 3 mllow 
substance readily decomposing above the temperature of liquid ammonia. 
It reacts with tin trimethyl halides to give tin trimethyl. The electrical 
conductivity of tin trimethyl chloride in absolute alcohol at 25° C. has 
been determined.® 

Tin trimethyl bromide ® is formed when tin tetramethyl is treated 
with bromine.’ It melts at 27° C. and boils at 165° C. ; with ammonia it 
gives a stable compound, MegSnBr.NHg, and with sodium in liquid 
ammonia, tin trimethyl is precipitated. Sunlight acts upon the bromide, 
forming the compound (Me 3 Sn.OH) 2 .Me 3 SnBr, which may also be pro- 
duced by bringing together the components in beu’zene solution. In 
alcoholic solution the complex, Me 3 SnOH.Me 3 SnBr.H 2 O> M.pt. 210° to 
211 ° C. with, decomposition, is obtained. 

Tin trimethyl iodide is obtained in several ways, namely : ( 1 ) By 
heating 4 parts of tin amalgam (14 per cent. Na) with 3 parts of methyl 
iodide, first on the water-bath, then at 120° C.® ( 2 ) From 1 part of tin, 
heated with 2-5 to 3 parts of methyl iodide at 150° to 160° C.® (3) By 
treating tin tetramethyl with iodine. (4) From tin tetra-iodide and 
magnesium methyl iodide, in ethereal solution.^® The compound is a 
liquid, boiling at 170° C. at 760 mm. or 71° C. at 13 mm.; it may be 
solidified when cooled and melts at 3-4° C. Its density at 0 ° C. is 2-1432 ; 
at 18° C., 2-1096. When dry ammonia is passed into its alcoholic 
solution, needles separate out, Me 3 SnI. 2 NH 3 , which are soluble in cold 
water, but decomposed on lioiling, and sparingly soluble in ether, 

' Kxause, Ber., 1918, 51 , 1447. 

* Cahours, Annalen, I860, 114 , 354. 

* Kxaus and Sessions, J. Amer. Chem. Soc., 1925, 47 , 2361. 

* Kxaus and Greer, J. Amer. Chem, Soc., 1923, 45 , 3078, 

“ Kraus and Callfe, /. Amer. Chem. Soc., 1923, 45 , 2629 ; Kraus aud Gwer, ibid.^ 
1923, 45 , 2946. 

® Cahours, toe, cit. 

’’ Kraus and Sessions, loc. cit. 

® Ladenburg, Annalen Suppl,, 1872, 8 , 75 ; Ber„ 1870, 3 , 358. 

® Cahours, Annalen, I860, 114 , 367. 

Pfeiffer and Heller, Ber., 1904, 37 , 4619. 
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Aniline yields the compound, Me 3 SnI. 2 PhNH 2 , soluble in alcohol or boiling 
water, and which may be distilled without decomposition. Crystalline 
compounds are also obtained with isoamylaniine and pyridine, the latter 
melting at —17° C. The iodide forms tlic complexes (Me 3 Sn.OH) 2 . 
McjSnl and Me 3 Sn.OH.MegSnI.H 2 O, M.pt. 221 ° C, with decomposition. 
The electrical conductivity of the iodide in various solvents has been 
determined.^ 

Tin trimethyl hydroxide is isolated from the iodide by action of 
potassium hydroxide. It crystallises in prisms and is volatile in steam. 
The aqueous solution is strongly alkaline, and the solubility in alcohol 
is greater than in water. With tin trimethyl halides it forms complexes 
of the type (Me. 5 SnOII);>.Me.jSnX, the bromide melting at 113° to 115° C. 
with decomposition ; iodide 143° to 153° C. with decomposition; also 
the type IMc 3 SnOH.Me. 3 SnX.II 2 O, the chloride, M.pt. 90° C.; bromide, 
M.pt. 210 ° to 211 ° with decomposition; iodide, M.pt. 221° C. with 
decomposition. The electrical conductivity of solutions of the hydroxide 
has been dcteninncd by Bredig.- 

Tin trimethyl sulphate crystalli.ses in brilliant rhombic pyi-amids, 
forwhicha : b : c=0-8872 : 1 : 1-0858.2 

Tin trimethyl sulphide, formed by the addition of sulphur to a 
solution of tin trimethyl in benzene, has M,pt. 6 ° C., B.pt. 233-5° to 
235-5° C. at 759 mm., density 1-G4D at 25° C. The corresponding 
formaU crystallises in {:>risms of low melting-point, which can be sub- 
limed, and arc easily soluble in water or alcohol. The acetate forms 
needles* having similar properties to the formate. 

Tin trimethyl ethylate is a liquid boiling at 65° to 66 ° C., and 
prepared from the iodide and sodium ethylate at 130° C. It is con- 
verted to tin tetram ethyl on distillation with sodium. 

Tin triethyl salts .- -The ^ crystallises from alcohol or 

acetic acid in large, pure white, glistening prisms, which sublime above 
180° C- and melt at 302° C. (corr.), to a colourless, clear liquid. The 
aqueous solution of the fluoride turns litmus wine-red. 

The chloride is* a liquid of extremely pungent odour, B.pt. 208° to 
210 ° C. or 9-i° C. at 13 mm. ; density 1-428 at 8 ° C. Cooled to 0 ° C. it 
forms a erystallhie mass, easily soluble in methyl or ethyl alcohol and 
ether, sparingly in water.® It forms the following double salts, 2 Eta 
SnCl.PtCl 4 , dark red needles ; EtgSnCl.PtCli, yellow octaliedra. 

The bromide occuns as a colourless, pungent liquid, B.pt. 222 ° to 
224° C. ; density 1*630.’ It has a similar solubility to the bromide. 

The iodide may be prepared in a variety of ways : (1) By heating 
80 grams of ethyl iodide with 100 grams of tin amalgam (14 per cent, 
sodium).® ( 2 ) By the action of iodine on tin tetraethyl. (3) By treat- 
ing hexa-ethyldistaniiane with iodine, or heating it with ethyl iodide at 
about 220 ° C. It melts at -34-5° C. ; B.pt. 231° C. (Ladenburg), 235° 
to 288° C. (Cahours), 117° C. at 18 mm.,® density 1-833 at 22 ° C. When 

* Kraus and OaHis, Zoc. cit, 

® Bredig, Zdtsch .phyaikal. Ohem,, 1894, 13, 303. 

» Hjortdahl, Compt. rend., 1879, 88, 584 ; Jahreaber., 1879, p. 773 ,- 1880, p. 939. 

* Cahours, AnnaUn, 1860, 114, 378. 

* Krause, Ber., 1918, 51, 1447. 

® Cahours, Armdlen, 1860, 114. 364. 

’ L6wig, Annakn, 1852, 84, 330, 

« Ladenburg, he. cit. ; Ldwig, loc. cit., 308 ; Cahours, Annalen, 1860, 114, 246, 361. 

9 Grftttner and J&ause, Ber., 1917, 50, 1802. 

VOL, XI, ; 1. 
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distilled with potassium hydroxide the base is formed. Heated with 
sodium the iodide is converted into hexa-ethyldistamiane, and by iodine 
into tin diethyl iodide. The tin triethyl ethylate is formed by treatment 
with sodium ethylate. The following double salts have been prepared : 
Et 3 SnI. 2 NH 8, needles; Et 3 SnI. 2 C. 5 Hi 8 N (isoamylamine) plates. 

The sulphide is a yellow liquid.^ 

The hydroxide is formed from the iodide by the action of aqueous 
caustic alkali. It crystallises from ether in glistening prisms, M.pt. 43° C. 
(Ladenburg), 44° to 45° C.,^ B.pt. 272° C. (Cahours). 

The aqueous solution has an alkaline reaction, and prolonged boiling 
causes the formation of an anhydride. 

The sulphate is dimorphous. The stable foim crystallises in he:^a* 
gonal prisms terminated by pyramids, whose dimensions are very like 
those of potassium and thallium sulphates.^ 

Tin triethyl sulphate. . . a : aVs : c=-5773 : 1 ; -7217. 

Potassium sulphate . . . a : b : c =-5727 : 1 : -7464. 

The labile form crystallises in regular octahedra. The sulphate is 
easily soluble in alcohol, sparingly soluble in water. 

The selenate forms regular octahedra, soluble in water or alcohol.'* 
The following salts have also been prepared ; nitrate, cryst<dline and 
easily soluble ; phosphate, bushy needles, very easily soluble in dilute 
alcohol, sparingly in ether ; ^ carbonate, prisms from ether ; cyanide, 
needles, which can be sublimed ; ® cyanafe, prisms ; formate, needles, 
subliming when strongly heated, easily soluble in dilute alcohol, sparingly 
in water ; acetate, needles, M.pt. 230° C. ; butyrate, needles ; oxalate, 
prisms (+H,0); tartrate, cubes; ditartrate, crystalline (+H 2 O) ; 
ethylate, fuming liquid, B.pt. 190° to 192° C., or 82° C. at 13 mm., density 
1-2634 at 0° C., immediately decomposed by water, giving alcohol and 
tin triethyl hydroxide. 

Tin tripropyl salts are as follows -. fluoride, (C 3 H 7 ) 3 SnF, crystallises 
from hot alcohol in prisms, from dilute alcohol in centimetre*long, fine, 
glistening needles. When heated in a sealed tube it melts at 275° C. to 
a clear, colourless liquid; the chloride has M.pt. —23-5° C., B.pt. 123° C. 
at 13 mm., and may be obtained from the base ; the bromide has M.pt. 
—49° C., B.pt. 133° C. at 13 mm. ; the iodide has M.pt. —53° 0., B.pt. 
260° to 262° C.,or 141° C. at 13 mm., density 1-692 at 16° C.’ and is formed 
in the usual way from n-propyl iodide and tin amalgam. With potassium 
or ammonium hydroxide it yields the hydroxide, which crystallises in 
prisms. It is volatile and only sparingly soluble in water, 

Tin tri -isopropyl salts r the iodide,^ is obtained by the action of tin 
amalgam (10 per cent, sodium) on isopropyl iodide. It is a liquid, B.pt. 
256° to 258° C. With potassium hydroxide it forms the base. 

Tin tri-isobutyl salts are as follows : fluoride, prisms melting at 

^ Kulmiz, Jahresber., 1860, p. 377. 

^ Ladenburg, Annalen Suppl., 1872, 8, 75; Ber., 1870, ss, 358: Cahours, Annalen, 
1860, 1 1 4, 246, 361. 

* H|ortdahl, Compt. rend., 1879, 88, 584. 

* Hjortdahl, Jahresber., 1880, p. 939. ® Kulmiz, loc. cit. 

® Cahours, Annalen, 1802, 132, 50. 

’ Cahours, Compt. rend., 1873, 76, 137 ; Jahresber., 1873, p. 519. 

® Cahours, Compt. rend,, 1879, 88, 725 ; Cahours and Demar9ay, ibid., 1879, 88, 

1 1 
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244° C. (corr.) ; iodide, B.pt. 284° to 286° C., or 151° C. at 13 mm., 
density 1*540 at 15° C, ; ^ hydroxide, B.pt. 311° to 314° C.^ 

The followings tin tri-isoamyl salts have been isolated : fluoride, 
fine needles, M.pt. 288° C. (corr.) ; chloride, M.pt. 30*2° C-, B.pt. 174° C. 
at 13 mm. ^ bromide, M.pt. 21° C., B.pt. 177° C, at 13 mm. ; iodide, M.pt. 
-22° C., B.pt. 302° to 305° C., or 182° C. at 13 mm. ; hydroxide, B.pt. 
(without decomposition) 335° to 338° C. 



Alkyl Derivatives of the Types R,R'SnX; RR'SnXgj RiR.,R 3 SnX. 

The preparation of tiie first tyjie of compounds, the tin trialkyl 
bromides, has already been given under type RgSiiR' (p. 303).® The 
chlorides are formed from the corresponding bromides by dissolving the 
latter in 5 parts of ether and shaking the solution with half its volume 
of 33 per cent, alkali. This produces the liydro,xide, dilute hydrochloric 
acid giving the chloride. For list of compounds of type R^R'SnX, see 
Table XV. of Appendix. 

Tin ethyl propyl dichloride.^ — This compound is obtained from 
tin ethyl propyl dibenzyl by the action of concentrated sulphuric and 
chlorosulphonic acid. The aqueous solution of the sulphonation' 
product is treated with aininoniiim hydroxide, the precipitate filtered 
off, dissolved in hydrochloric acid, and the acid solution extracted with 
ether. Removal of the solvent yields the dicliloride in needles, M.pt. 
57° to 58° C., which have an impiea.sant odour, and arc readily soluble in 
alcohol, water, or ether, sparingly in light petroleum. 

Tin methyl ethyl n-propyl iodide.^ — ^The compound is obtained 
by the following series of reactions ; — 

1. 2Mcgi!!3nI -j-iiiiJht.} — 2Mc3SnF<t -j-winlg 

2. Me.5SiiEt-hI„=Me3EtSnI-l-MeI 

3. 2Mc2EtSnl -PZnPr2=2Me2EtPrSn+Znl3 

4. Me2EtPrSn-f-l2=MeEtPrSnH-MeI 

The final product is externally compensated tin methyl ethyl n- 
propyl iodide, 



a faint yellow oil, B.pt. 270° C., practically insoluble in water. When 
shaken in molecular proportions with an aqueous solution of silver 
dcxtro-camphorsulphoiiate, tin methyl ethyl n^propyl dextro-camphor- 
sulphonate is deposited. It crystallises from water in lustrous, square 
plates, M.pt. 125° to 126° C. In dilute aqueous solution it has a mole- 
cular rotation [M]n -1-^)5°, so that for the monobasic radicle Me.Et.Pr. 
Sn — [M]d is about 45°. From the mother-liquors of this salt, no salt 
of the laevo base can be obtained. No better results have been obtained 
using silver dextro-bromocarnphorsulphonate. The bromocamphor- 

^ Gahours and Demar^ay, Com^. rend; 1879, 88 , 1112; Cahours, ibid., 1873, 77> 
1404 j JahreJm., 1873, p. 520. 

® Caliours and Deniar§ay, Ocnnpt. rend., 1879, 89 , 70. 

® Griittner and Krause, Ber., 1917, 50 , 1802. 

* Smith and Kipping, Tram. Chem. 800 ., 1912, loi, 2563. 

® Pope and Peachey, Proc. Ghem. 8 oc„ 1912, 28 , 42, 116, 
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sulphonate crystallises from acetone in colourless plates, M.pt. 19'1° to 
197° C., which in dilute aqueous solution have the molecular rotation 
[M]d +318°. Allowing the value [M]d +270° for the bromocamplior- 
sulphonic acid radicle, this gives [M]d +48° for the basic radicle, 
which compares favourably with the previous value. 



Alkyl Berivatives of the Type RgSiiXj. 

Tin dimethyl salts. — Difluoride.'^ — A solution of 40-3 grams of tin 
dimethyl di-iodide in 50 c.c. of warm alcohol is treated with a neutral 
solution of 11-6 grams of potassium fluoride in 25 c.c. of water, when 
snow-white plates separate out. The fluoride decomposes above 360° C. 

The dichlo 7 ide is obtained by treating the oxide with an excess of 
hydrodiloric acid. It crystallises in rhombic prisms, M.pt. 90° C., 
B.pt. 188° to 190° C., soluble in ether or water, very soluble in alcohol.” 
Measurements of the proportions between the axes gives a:b:c = 
0-8341 : 1 : 0-9407.® With platinic chloride, Me2SnCl2.PtCl,i,7HoO, red 
rhomboids are produced. 

The dibromide crystallises in plates from alcohol, M.pt. 74° C.,*^ B.pt. 
208° to 210° C. 

D*-fod^de,“Tinfoilis heated with 2-5~3 parts of methyl iodide at 150° 
to 160° C. It forms yellow crystals from alcohol-ether solntion, M.pt. 
30° C., B.pt. 228° C., 33° C. at 13 mm,, density 2-872 at 22° C. It is 
readily soluble in alcohols, ether, or acetone. Its aqueous s-ohition when 
treated with ammonium hydroxide yields the oxide. 

Oxide. — This may be isolated in two ways : (1) It is formed as a by- 
product, when an alcoholic solution of methyl iodide is shaken for one to 
two days with alkaline stannous chloride, for details see corresponding 
ethyl compound.® Yield 25 per cent. (2) Heating methyl stamionic 
acid with concentrated alkali hydroxides.® It is an amorphous powder, 
insoluble in water, alcohol, or ether, and aqueous alkali. With acids it 
yields the corresponding salts. 

Sulphate. — Its crystals consist of rhomboidal prisms, inclined at 
74° 50' with the base and the positive hemiorthodonie, the vertical axis 
making an angle of 83° 75' with the inclined axis, which is the longest. 
It is not isomorphous with lead and barium sulphates, although the 
lengths of its axes are sensibly the same.’ 

MeaSnSOj . . . . 1-3213 : 1 : 1-6630 

BaSO^ . , . , 1-3127.^1:1(1-6352) 

PbS04 . . . . 1-2915: 1 r 1(1-5728) 

It is easily soluble in water, but not readily in boiling alcohol. 

Biformate. — This is deposited in prisms from alcohol, which partially 
sublime without decomposition. Its crystals resemble those from 
calcium, barium, and lead formates. 

1 Kxause, Ber., 1918, 5r, 1447. 

2 Cahours, Annalen, 1860, 114 , 374. 

“ Hjortdahl, Jahresber., 1880, p. 390. 

^ Pfeiffer and Lehnardt, Ber., 1903, 36 , 3027. 

® Pfeiffer and Lehnardt, ibid. 

® Pope and Peachey, Proc. Roy. Soc., 1903, 72 , 7> 

’ Hjortdahl, be. cit. 
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Tin dimethyl diforniatc 
Calcium formate . 
Barium formate . 

Lead formate 



a : b : c = -7287 : 1 : -4784 
„ =-7599 ; 1 : -4^7] 

„ =-7650 : 1 : 2(-4319) 

=-7417 ; 1 : 2(-4219)i 



A diacetate, dihutijrate^ divalerate, and dicaprylate have been prepared, 
also double salts of above compounds with pyridine and quinoline.- 

Tin diethyl salts. — BijiuoHde- -This crystallises in tufts of needles, 
or rhombic plates, M.pt. 287° to 290° C., previously sintering at 240° C. 
It form.s a double salt, which crystallises in stout leaflets. 

Dichloride.— (1 ) Prepared by treating the oxide with aqueous chloride 
solutions, or adding animonimn hydroxide to a hot alcoholic solution 
of the diehloride — these preparations giving the double salt, Et^SnCla- 
Kt,Sn0.2 (2) By adding hydrochloric acid to the oxide. 

The anhydrous compound melts at 84° C., when hydrated at 74° C., 
B.pt. 220“ th, and when freshly prepared it is soluble in alkalies. It 
forms the following double salts : Et 2 Sn€l 2 . 2 NIl 3 , an amorphous, white 
powder, decomposed by water ; ]<lt2>SnCl2.PtCl4.7H20, tetragonal 

bipyramids. 

Dihromide. — Occurs as white needles from alcohol, M.pt. 03° C.,^ 
B.pt. 232° to 233° C. or 74° C. at 13 mm., easily soluble in water, alcohol, 
or ether. 

Di‘iodide. — (1 ) Obtained by the action of sunlight on a mixture of tin 
and ethyl iodide or by heating tlie mixture at 180° C.® (2) By heating 
together tin amalgam and ethyl iodide, (3) From tin tetraethyl and 
4 atoms of iodine.*^ (4) From tin triethyl iodide and iodine. (5) From 
tin diethyl and iodine.’ It crystallises from alcohol in needles, M.pt, 44° 
to 45° C!..® B.pt, 245° to 2Wi° t^., madily soluble in ether or hot water, 
sparingly in cold water. It I'onns tlic following double compounds : — 

Et2.SnI2.2MI 2 ; Et2SnI2.8Et2.SnO; Et2Snl2.Et2SnO 

The following salts are also known : sulphate, crystallises in plates, 
soluble ill alcohol or water ; dmitrate, crystallises in prisms and forms a 
double salt with the oxide, Et 2 Sn(K 03 ) 2 ,Et 2 Sn 0 .H 2 O ; phosphate, 
needles ; difonruik:, jirisras, easily soluble in water, sparingly in alcohol ; 
diacetaie, pri.sms or plates from alcohol, sparingly .soluble in water, readily 
in organic .solvents; dioa'a/uic, white powder; di-iodide^ dicyanide, Et 2 Snl 2 . 
FitgSn(CN) 2 , a cry.stallhie powder formed from the iodide by the action 
of silver cyanide ; dithiocyanate, crystals from alcohol, readily soluble in 
ether. 

Oxide. — (I) Obtained by treating tlic iodide with ammonium hydrox- 
ide. (2) Potassium hydroxide, 23 grams in 150 c.c. of water, is mixed and 
shaken with 15 grams of stannous chloride in 50 c.c. of water. The blade 
precipitate is filtered off and 10 grams of ethyl iodide added and a fair 
bulk of alcohol. After six to eight hours’ heating on the water*bath, 
most of the alcohol is distilled off and carbon dioxide passed into the warm 



1 HjortdaM, Jahresber., 1879, p, 772. 

® Pfeiffer, Annakn, 1910, 376, 310. 

® Strecker, Annahn, 1862, 123, 368. 

* Womer, Zeit. anorg. Ohem., 1898, 17, 90. 

® Frankland, Annalen, 1853, 85, 332 ; Cahonrs, ibid., 1860, 1J4, 354, 
® Ladeixburg, Ber., 1871, 4, 20. 

’ L6wig, ArmaUn, 1862, 84, 321. 

® Pfeiffer, 5er., 1902, 35, ^3, 
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solution. Three grams of a white, powdery precipitate are obtained, 
which consists principally of the required oxide. It is an amorphous 
powder, insoluble in water, alcohol, or ether, but dissohing readily in 
acids or alkalies. Hydrogen halides convert it to the corresponding 
halogen compounds.^ 

Tin dipropyl salts.-— iVo?wflZ Propyl Compounds: Diflimidr .- — -TliLs 
crystallises from methyl alcohol on concentratioa in rosettc-like gi'oiips 
of plates, sintering at 200° C. and melting at 204° to 205° C. 

Bichloride, — Thediuodide is dissolved in potassium hydroxide and the 
solution acidified with hydrochloric acid. It forms 'magnificent colour- 
l^s, rhombic crystals, M.pt, S0° to 81° C., conststiiig of very acute 
pyramids, with very perfect cleavage parallel "to the base, resembling 
the cleavable pyramids of mercuric bromide. 

Tin di-n*propyl dichloride . a ; b : c=*6943 : 1 : « (1-0047) 
Mercuric chloride . . ,, =-7254 : 1 : 1-064<S 

Mercuric bromide , . ,, =-6817 : 1 : 1-0183" 

The di-iodide is obtained by heating tin foil with propyl iodide.® It 
boils at 270° to 273° C., but is decomposed on distillation, yielding 
stannous iodide, and a gas is evolved. 

Oxide, — When the preceding compound is treated with i)otassimn 
or ammonium hydroxides, the oxide separates as a white, amori>hous 
substance. It is insoluble in alcohol, ether, or water. Halogen acid.s 
convert it to the corresponding salts. 

The folio-wing salts are known, most of which appear to ha^'e good 
crystalline structures: dinitrate, sulphate, diform ate, diacetate, oxalate, 
and tartrate. 

Isopropyl Compounds. — The dichloride, melting at 50-5° to 57-5° C., 
insoluble in water, soluble in alcohol or ether, and the di- iodide, B.pt, 
265° to 268° C., are prepared by the usual methods. O.xdde, prc})ared 
from the trichloride in the usual manner, is an infusible powder. With 
hot concentrated hydrochloric acid it yields tin di-isopropyl dichloride, 
transparent crystals from benzene, M.pt, 80° to 84° C., soluble in water, 
alcohol, hot benzene, or hot glacial acetic acid. Whth pyridine hydro- 
chloride it gives (C 3 H 7 ) 2 SnCl 2 . 2 C 5 H 5 N. 2 HCl. Tin di-isopropyl di- 
hromide forms pale yellow, hygroscopic crystals, melting about 54° C, 
It also forms a complex with pyridine hydrobromide, A diformate, 
diacetate, and oxalate are also known. 

Tin di-isobutyl salts. — The dichloride is a colourless, mobile, heavy 
liquid, B.pt. 260° to 262° C., solidifying at 5° to 6° C. -to a mass of silky 
needles resembling asbestos, whilst the di~iodide occurs as a colourless 
liquid, B.pt. 290° to 295° C., obtained by heating tin foil and isobutyl 
iodide to 120° or 125° C. in a sealed tube for several hours. With 
potassirun or ammonium hydroxide it yields a white, amorj^hoiis pre- 
cipitate of the oxide, which gives crystalline salts witJi acids. 

Tin di- isoamyl salts. — The following have been isolated: dichloride, 
M.pt. 4° 'to 5° C. ; sulphate, white, insoluble powder; oxide, amorphous 
powder,^ 

1 Pfeiffer, Ber., 1902, 35, 3303. 

® Hjortdahl, Jahresber., 1879, p. 772. 

* Cahours and Demargay, Compt, rend., 1879, 89, 70. 

* Grimm, Annakn, 1854, 92, 384, 390,- Oahours and Demarcay, Compt. rend., 1879, 

89, 68. 
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The following ammonia and amine compounds of tin dialkyl halides 
ha\’e recently been described ^ : tin dimethyl dichloride dianiline, MegSn 
CI 2 . 2 PI 1 NH 2 ; the diquinoline salt forms white crystals, M.pt. 40° to 60° C., 
nixstable in moist air, the dihromide melting at 80° to 115° C. Tin diethyl 
dichloride and dibromide both form dianiline, and the latter a monoaniline 
compound. Tin dipropyl dibromide yields a dianiline derivative. 

All the ammonia compounds are of the type R 2 SnX 2 -^‘NH 3 , except 
the tin diethyl dichloridc compound, which only contains 3 NH 3 . 

A collection of physical data of various tin alkyls is shown in Table 
XVI. of the .Appendix.^ 



Alkyl Derivatives of the Types R.SnO.OH; RS11X3. 

Methyl stannonic acid.^ — Preparation ; Twenty grams of stan- 
nous chloride in 50 c.c. of water are added with stirring to 100 c.c. of 
•20 per cent, potassium hydroxide, and the mixture treated with 14 
grams of methyl iodide in 100 c.q. of alcohol. The whole is allowed to 
stinid for three days and should be frequently shaken. The alcohol is 
removed at 40° C., and hydrochloric acid added until the solution is acid 
and the white, gelatinous precipitate begins to redissolve. The latter is 
filtered, washed free from chloride by cold water, and dried in vacuo over 
sulphuric acid. '5t*idd 13-5 grains. The reaction takes place according 
to the equation : 

KHSnO .2 +MeI =Me.SnO .OH +KI 

It may also be obtained from tin methyl tri-iodide by evaporation with 
an aqueous solution containing 3 mols. of sodium hydroxide. 

The acid is a white, amorphous, infusible solid which decornpo.ses at 
a red heat, leaving stannic oxide. Heated with ammonium nitrate, it 
yields carbon dioxide, water, and stannic oxide ; heated in the absence 
of air, methane is produced. It is insoluble in water and the usual 
organic solvents, but readily dissolves in cold solutions of alkali and 
ammonium hydroxides, or in lime water. It also dissolves in mineral, 
acetic, and tartaric acids. When iunmoihum hydroxide is added to the 
dilute acetic acid solution of the acid, no precipitate is formed until the 
solution is boiled. This indicates the existence of an ortho acid, 
MeSn(OH) 3 , which decomposes on heating to fonn the stannonic acid. 
When the acid is boiled with dilute potassium hydroxide a clear solution 
is never obtained, and if the alkali be concentrated, methane, tin tri- 
methyl hydroxide, and tin dimethyl oxide are formed. Heating with 
solid potassium hydroxide and a very small quantity of water yields 
methane and a considerable amount of tin tetramethyl. With con- 
centrated hydriodic acid, the acid yields the iodide, Hris method being 
general for the production of the halides, The complex, (MeNHPh)^* 
HaMeSnClg, is prepared by evaporating a solution of the acid and di- 
metbylaniline in dilute bydrochloric acid to the crystallising point. It 
forms small, white granules, M.pt. 194° C., the aqueous solution having an 
acid reaction. With aniline a similar complex is formed, which crystal- 
lises in short prisms, M.pt. 214° C., the clear aqueous solution being 

* Pfeiffer, Zeit. anorg. Ohem., 1924, 133, 91. 

® Gruttner and Krause, B&r., 1917, 50, 1802, 

® Meyer, Ben, 1883, r6, 1442 ; Pfeiffer and Lelwardt, ibid., 1903, 36, 1054; Pope and 
Peaokey, Proe. Boy. Boc., 1903, 72, 7 ; Druoe, 0/bw. Nem, 1920, 120, 229. 
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acid to litmus and unchanged on boiling. The pjaidine complex 
crystallises in pale yellow plates, M.pt. 300“ C. 

Tin methyl trichloride, MeSnClg, is prepared by tarcating the acid 
with concentrated hydrochloric acid, phosphorus trichloride, or hydrogen 
chloride at 100° C. There seems to be a wide difference of opinion 
regarding the melting-point of the compound ; Drucc ^ obtained 
crystals from hydrochloric acid solution, M.pt. 40° C. j Pope and 
Peachey 2 from light petroleum, long prisms, M.pt. 105° to 107° 
distilling without decomposition at 179° to 180° C- ; Pfeiffer and Lch- 
nardt,® crystals from ligroin, M.pt. -53° C. It fumes in air and dissolves 
in water to a clear solution, and is soluble in the usual organic solvents*. 
With aniline it forms the alaove complex, M.pt. 214° C. 

Tin methyl tribromide crystallises in needles or prisms, ]\I.]at. 
50° to 55° C. It fumes slightly in air and has a similar .solubility to the 
chloride. 

Tin methyl tri -iodide. — Preparation; (1) Methyl stannonic acid 
is treated with colourless hydriodic acid.'* (2) Tin tetrainetliyl (2 parts) 
and stannic iodide (7 parts) are heated on the water-bath, then allowed to 
stand for a few hours.® (3) Methyl iodide and stannous iodide are heated 
at 160° C. for four hours.® (4) To the solution of 19 grams of methyl 
iodide and 2-8 grams of magnesium in dry ether, 20 grams of stannic 
iodide are added in small portions, and the whole boiled for two houns*. 
The mass is decomposed by acidified water and the. ether layer .separated 
off and dried. 3-9 grams of oil are obtained between 155° and 180° C., 
from which 2 grains are isolated between 160° and 170° C. Redistillation 
gives 1-3 grams of pure iodide, B.pt. 170° C. 

The melting-point given by the various investigators varies between 
82° and 8,5° C. The compound crystallises in needles or piisms, \’ery 
readily soluble in alcohols, ether, ligroin, or ehlorofomi or heii’/eiie. Its 
aqueous solution has a strong acid reaction, nitric acid precipitating 
iodine. Hot alkali precipitates methyl stannonic acid. Treatment 
with hydrogen sulphide converts the iodide to Uic corresponding sul- 
phide, which is soluble in ammonium sulphide, but insoluble in the 
usual organic solvents. 

Basic tin methyl sulphate, MeSnlOITlSO^.xHaO, is obtained as a 
white powder when methyl stannonic acid is warmed with 50 per cent, 
sulphuric acid. It slowly dissolves in water, leaving a glassy mass, hut 
cannot be precipitated from its aqueous solution by alcohol.^ 

Ethyl stannonic acid.® — Prepared in a similar manner to the 
methyl compound, it forms a white, amorphous, gelatinous substance 
which becomes yellowish-brown and transparent on drying. It is in- 
soluble in water and the common organic solvents, but dissolves in dilute 
mineral acids. When freshly prepared it is soluble in alkali hydroxides, 
but becomes insoluble after keeping.' When strongly heated in the 
absence of air it yields ethane and ethyl alcohol. The following salts 
have been prepared : sodium, potassium, magnesium, barium, and 

1 Druce, Chem. News, 1920, 120, 229. 

2 Pope and Peachey, Proc. Roy. Soc,, 1903, 72, 7. 

3 Pfeiffer and Lehnardt, Ber., 1903, 36 1054. ’ 

^ Pfeiffer and Lehnardt, loc. cvt . ; Pope and Peachey, Zoc. cit. 

^ Pope and Peachey, Chem. News, 1903, 87, 263, 

® Pfeiffer and Heller, Ber., 1904, 37, 4618. 

’ Pfeiffer and Lehnardt, loc. cit, 

® Druce, Trans. Chem. 80 c., 1921, 119, 760. 
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copper; also basic salts of silx}ei\ zinc, mo'cury, cohalt, nickel, manganese, 
and strontium. Solution of the acid in concentrated hydrochloric add 
gives a stannic acid, H^SnliltClg, which forms colourless prisms, decom- 
posed by water, and yields a potassium and aniline salt. Tin diethyl 
oxide is formed by boiling the acid with 10 per cent, sodium hydroxide. 

Tin ethyl tribromide occurs as colourless, feathery crystals, 
which become brown on heating, but do not melt at ,310° C. It is soluble 
in water, but the solution soon becomes turbid, owing to the formation 
of ethyl stannonic acid- 

Propyl stannonic acid ^ is obtained by shaking ethyl bromide with 
an alkaline solution of potassium hydrogen stannite in the presence of 
alcohol for fourteen days. It is a wdiite pow*der which yields propane, 
propjd alcohol, propylene, water, and tin oxides when heated in the 
absence of air. The acid forms sodium, potassium, and basic calcium 
and harimn salts. Tin propyl tribromide and trichloride are prepared 
from it in the usual manner, and boiling with 10 per cent, alkali con- 
verts them to the dipropyl oxide. 

Isopropyl stannonic acid ^ is a white, amorphous substance, 
giving isopropyl alcohol, propylene, and a trace of propane when heated 
in the absence of air. It is insoluble in water or organic solvents, but 
dissolves in dilute mineral acids and alkalies. The sodium and potas- 
sium salts have been obtained, and the oxide is formed in the usual way. 

Tin isopropyl tribromide forms deliquescent, pale yellow, pris- 
matic tablets, melting about 112° C. Its aqueous solution is strongly 
add. With pyridine hydrobromidc it forms the complex, CjH^.SnBra. 
•iCfjUcN.’iTlBr, wdiieh is unchanged at 300° C, 

Tin isopropyl trichloride. --This compound has not been isolated 
in the irce state, but only as a comple.v compound with pyridine hydro- 
chloride, analogous to the one from the above bromide. 



Alkyl Denvatives of the Types R 2 Sn and RgSii. 

Free tin dimethyl,® {Me 2 Sn)^. — This has been prepared in two 
wAys: (1) A liquid ammonia solution of tin dimethyl dibromide is 
treated with two atoms of sodium, thus removing the halogen. (2) An 
ammonia solution of disodium dimethyl .stamiane is treated with one 
molecular equivalent of tin dimethyl dibromidc. In both cases the 
group MeaSn is precipitated as a yellow solid, insoluble in organic or 
inorganic solvents and readily oxidising. The substance from jn-epara- 
tioii (2) is very sensitive to oxygen, even exploding at low pressures. 

Tin diethyl^ has been prepared in a variety of ways: (i) By the 
action of ethyl iodide on an amalgam containing 1 part of sodium to 
6 parts of tin. (2) By reduction of tin diethyl chloride by zinc. (8) The 
following preparation is due to Pfdffer:® One gram of tin diethyl 
chloride and 20 grams of 4 per cent, sodium amalgam in ethereal solu- 
tion are heated for a day on the water-bath in an atmosphere of hydrogen. 
The product is quickly filtered and dried in a vacuum desiccator. 

^ Draco, Ohem. Nem, 1923, i37> 306. 

* Druce, Tram, Ohem. Soc., 1922, I2i, 1859, 

* Kraus and Greer, J. Amer. Ohem. Soc., 1926, 47, 2568. 

* L6mg, Annakn, 1852, 84, 309, 313 ; FranHand, Annakn, 1853, 85, 338 ; Buckton, 
Awnaien, 1859, 1 12, 220. 

» Pfeiffer, Bhr„ 1911, 44, 1269. 
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Pfeiffer claims that tin diethyl may also be prepared by the mteractioii 
of ethyl bromide, sodium amalgam, and stannous chloride in an atmo- 
sphere of hydrogen. Tin diethyl is obtained as an oil, which gi\‘cs a 
clear solution in benzene, ether, or ligroin. When distilled at 2 Snnn. it 
forms metallic tin and a brown mass. It instantly reduce.s silver nitrate 
to metallic silver. Air oxidises it to tin diethyl oxide, and halogens add 
on directly forming the corresponding dihalides. Ethj’l iodi<le yields 
tin triethyl iodide. The density of tin diethyl is 1 -558 at 1-5° C. 

Tin trimethyl. ^ — Tin trimethyl bromide is dissolved in liquid 
ammonia and treated with sodium, when the tin trimethyl is precipitated. 
It melts at 23° C., and boils at 85° to 88 ° C. at 45 mm. or 182 ° C. at 
756 mm., and has a density of 1-570 at 25° C. With sodium in liquid 
ammonia it yields sodium trimeihyl stannide. It is oxidised in air to 
an insoluble product, and combines with sulphur in benzene solution to 
form tin trimethyl sulphide. With halogens, tin trimetlijd forms the 
corresponding halides, the chloride being also formed by the action of 
calcium or mercuric chloride on ethereal solutions of the coraponnd. 
Tin trimethyl halides react with sodium trimethyl stannide to form tin 
trimethyl. The latter, with p-di chlorobenzene and a little ether in liquid 
ammonia, gives C 6 H 4 (SnMe. 3 ) 2 , M.pt. 123° to 124° C., the benzene soln* 
tion of which gives tin trimetliyl iodide and p-di-iodobcivzcne when 
treated with iodine, whilst sym-dichloroethaiie forms tin triinethyl and 
sodium chloride. Tin triethyl iodide gives SnMca.SnEta, B.pt. 235° C. 
at 7 48 mm. Its density at 20 ° C. is 1 -431 . 



Alkyl Derivatives of the Type R. 5 S 11 .S 11 R 3 . 

Hexaethyl-distannane. — This compound until 1917 was the only 
one of its type, and was prepared in the following manner: ( 1 ) Tin 
triethyl iodide heated with sodium. ^ ( 2 ) By heating ethyl iodide with ‘20 
per cent, tin amalgam.® Molecular weight determinations were carried 
out by Ladenburg and Riigheimer.^ It has more recently been pre- 
pared ® by heating 5 grams of sodium powder, 59-2 grams of tin tricthyl 
bromide, and 50 c.c. of dry ether in a sealed tube at about 120° Cl, 
with shaking, for ten hours. Yield 90 per cent. The formation of 
tin tetraethyl and other by-products was not noticed. The comjroimd 
is a fuming liquid, B.pt. 265° to 270° C. ; 146° to 148° C. at 14 mm. ; 155° 
to 157° C. at 19 mm. ; density 1-4115 at 0 ° C, It is insoluble in water 
and dilute alcohol, and when added to alcoholic silver nitrate, silver is 
precipitated. Stannic chloride yields tin triethyl chloride, and chlorine 
tin diethyl chloride. Tin triethyl iodide may be obtained from it, either 
by tlie action of iodine or by heating with ethyl iodide at about 220 ° C. 
More recently « hexamethyl-distannane has been obtained in 84 per 
cent, yield by the interaction of tin trimethyl bromide and metallic 
Sodium in liquid ammonia. By a similar process trimethyltriethyl- 
distannane is obtained as a liquid at ordinary temperature. The 
following compoimds have been prepared in a similar manner, the 

^ Kraus and Sessions, J. Ayner, Chem^ Soc.t 1925, 47 , 2361. 

® Ladenburg, Anncden Suppl., 1872, 8 , 65. 

* Cahours, Annakn, 1860, 114 , 261, 255. 

^ Ladenburg and Riigheimer, Annalen, 1909, 364 , 61. 

® Griittner, Ber., 1917, 50 , 1808. 

® Kraus and Bullard, J. Amer. Chem. 80 c., 1926, 48 , 2132 . 
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yields beiii^ as shown: hexa-n -propyl -distannane (88 per cent.), 
hexa-isobutyl-distaniiane (93 per cent.), sym. tetraethyl -di-n- 
propyl-distannane (88 per cent.), sym. tetraethyl -di- isobutyl - 
distannane (92 per cent.). 

The general properties of the compounds may be expressed in the 
following manner : The hexa-alkyl distannanes are colourless, strongly 
refracting^, and colour-dispersing liquids, only the isobutyl compound 
(M.pt. 43-8° C. ) is solid at the ordinary temperature. They have a 
penetrating and unpleasant smell, differing distinctly from the tin 
trialkyl halides. In absolute alcohol they arc very slightly soluble, as 
are the tin tetra-alkyds, but are misdblc with organic solvents. In spite 
of their high boiliirg-points, they are volatile unchanged under reduced 
pressure, and on the whole at high temperatures they are just as stable 
as the tin tetra-alkyds, but in contact with the air they are slowly oxi- 
dised to tin trialkyl oxides, in contrast to the tin tetra-alkyls. Treated 
with halogens in the cold they yield tin trialkyl halides, and also with 
mercuric chloride or bromide, the latter compounds being reduced to the 
metal. Anhydrous bismuth bromide splits off an alkyl group. Heated 
with methyl iodide at 180° C., the stannaries are converted into 1 mol. 
of tin trialkyl methyl and 1 mol. of tin trialkyl iodide. The grouping 
; Sn.Sn: , besides accounting for the strong optical properties of the 
com])ouncls, no doubt increases tboir stability at high temperatures 
and decreases their stability towards oxidising agents. 

Some phy.sical constants of the compounds are shown in Table XVII. 
of the Appendix. 

Disodium tetramethyl-distannane,.NaSnMe2.SnMe2Na.^ — ^IViien 
metallic .sodium Ls- added to tin dimethyl dibiomide in liquid ammonia, 
immediate reaction occurs. If one atom of sodium is added for each 
atom of bromine in the compound the following reaction take.s place: — 

Me 2 >SnBr 2 +2Na ==Mc 2 Sn -l-2NaBr 

The tin dimethyl, which is polymerised, appears as a yellow precipitate. 
If, however, the addition of sodium is continued, the following, change 
occurs ; — 

2 Me 2^11 2Na =NaSnMco .SnM e 2 N a 

The latter conipound gives a red solution in liquid ammonia, and with 
methyl iodide decomposition occurs in the following manner : — 

NaMe2Sn.SiiMe2Na-t-2MeI =Me3Sn.SnMe3-|-2NaI 

Disodium dimethyl-stannane, Na 2 SiiMe 2 . — The above compound 
in liquid ammonia witlr metallic sodium decomposc.s according to the 
equation : 

NaMe2Sn.SnMc2Na -j-2Na=2Na2SnMe2 

This disodium salt gives an intensely red solution in liquid ammonia, 
which is opaque at high concentrations. With methyl iodide it gives tin 
tetramethyl, 

NagSnMcg 4-2MeI==SnMe.4 +2NaI 

Disodium hexamethyl-tristannane, NaSnMcj-SnMea.SnMeaNa 



^ Kraus and Greer, J- Am&r. Ghem. 8o<f,f 1925, 47, 2568. 
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—This product is formed the action of tin dimethyl dibromidc on a 
solution of disodium dimethyl stannanc. The compound is readily 
soluble, and chemically very active. With eth)d bromide the two 
sodium atoms are replaced by ethyl groups, forming EtSniMe. 2 .SnMe 2 . 
SnMe-aEt. This substance is not stable in air, oxidation slowly taking 
place. It may be distilled under reduced pressures at a temperature 
of from 80° to 100° C., but some decomi^osition occurs. 

Dodecamethylpentastannane, MegSn.SnMeo.SnMej.SnMe.j.SiiMca, 
is isolated when disodiura hexamethyl tristaiinaiie is treated witli tin 
trimethyl bromide. 

Dimethylmethylene stannane, MegSn=CH 2 , is prepared by 
treating disodium dimethyl stannane with methylene cliloiide. It is 
a liquid at ordinary teraperatui‘es, but oxidises slowly in air and is 
reactive with halogens. Its properties change with time, pointing to 
polymerisation taking place. 



Aryl Derivatives of the Type R^Sn. 

Tin tetraphenyl, Sn(C 6 n 5 )^. — This compound has been prepared 
by three methods : (1) By heating together 500 grams of tin amalgam 
(25 per cent. Na : 75 per cent. Sn), 600 grams of bromobenzene, and 25 
grams of ethyl acetate in an oil-bath.^ The reaction commcncc.s at 
about 70° C. and is completed by heating the mixture for thirty hours at 
the boiling-point, a thick brown mass separating out* The latl.er is 
boiled with benzene, the solution on cooling giving 100 grams of crude, 
tin tetraphenyl. (2) An easier mctliod of preparation is by n.se of the 
Grignard reagent, as folio w^s i - To 20 grams of broniobciiV;enc and 
3 grams of magnesium dissolved in dry ether, 5 grains of .stannic chloride 
are added drop by drop at room tenpierature. The mixture is then 
refluxed for two hours, allowed to stand for a day, decomposed with 
dilute hydrochloric acid, filtered, and dried. The residue is boiled with 
pyridine, the cool solution depositing needles of tin tetraphenyl. Yield 
of pure product, 57 per cent. (3) Zinc diphenyl method.® Magnesium 
phenyl bromide is treated with anhydrous zinc chloride in ctlier sus- 
pension in an atmosphere of nitrogen. After completion of the reaction, 
toluene is added and the ether distilled off. To the cooled solution, an 
equivalent amount of stannic chloride in toluene solution is added and 
the mixture boiled for one hour. The mass is treated with dilute 
hydrochloric acid and the solution filtered, the residue being extracted 
with benzene and added to the toluene layer of the filtrate. The 
mixture is concentrated and cooled, when a 91 per cent, yield of product 
is obtained, M.pt. 224° to 225° C. 

It is easily soluble in hot benzene, pyridine, glacial acetic acid, chloro- 
form, or carbon bisulphide, with difficulty in alcohol or etlicr, and in- 
soluble in light petroleum* The melting-point is given by various 
investigators, and ranges between 220° to 226° C, When heated in air, 
tin oxide results, and the halogens react according to the equation t 

Sn(C0H5)4-l-2Hal2=Sn{CgIl5)2lIal2 -j-2C0HgIIal 

^ Polls, Ber., 1889, 22, 2915. 

* Pfeiffer and Schnurmann, Ber., 1904, 37, 319. 

® Chambers and Scherer, J, Amer. Ohem. Soc., 1926, 48, 1054. 
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When boiled with thallic chloride in xylene solution, the reaction is 
more complicated, and is best repre.sented as follows : — ^ 

(1) 3Sn(C8H,)i+*2TlCl3==2Tl{C6ll5),Cl+2Sn(C6H5)3CH->Sn(CeH,).,Cl2 

(2) Sn(C5Tl5).,CL-hII./)=Sn(C6H5).(OH)Cl+HCl 

The following reaction takes place quantitatively with stannic 
chloride : — - 

Sn(€8Tl3)4+SnCl.i=^2Sn(C6l-l5)Xl2 

The substance is isomorphous with the tetmphcnyls of lead and silicon, 
and crystallises in prisms belonging to the tetragonal system, 

a : c— 1 : 0-389*3 ; 111 : 110=70° 35' 

Tin tetra-o -tolyl ® is‘ prepared by .-idding 50 grains of stannic chloride 
in 200 c.c. of ethem drop by drop, to the Grignard solution from 220 
grams of o-bromotolncnc in GOO c.c. of ether. The whole is boiled for 
twelve, hours under reflux, decomposed with \vater and ammonium 
chloride, the ethereal sohitioii being separated off. The product remain- 
ing hi suspension is recovered by washing tiie residue with alcohol, and 
rclinxiiig it with benzene. The crude product is steam-distilled, to 
remove o-bromotohienc and di-o-tolyl, and recrystallised from 400 c.c, 
of ctlicr. Meld 35 per cent. The product consists of a snow-white 
powder, fairly soluble in benzene, less so in ether, and insoluble in 
alcohol. It ery.stallises from ether in tufts of very fine needles, M.pt. 
158° to 159° C, 

Tin tetra-m -tolyl.'*— -The preparation is similar to the preceding 
one, but the yield is only 20 per cent. It crystallises in colourless, 
glistening needles from absolute alcohol, M.pt. 128-5° C., easily soluble 
in cold benzene, boiling ether, or boiling alcohol, with difficulty in cold 
ether or alcohol. 

Tin tetra-m-xylyl, (Me 2 CgH 3 ) 4 Sn, is obtained by treating the 
Grignard solution from 329 grams of l-bromo-2 .- 4-xylene in 800 c.c. of 
ether, with 80 grams of stannic chloride. The yield is only 15 grams or 
7-2 per cent. It ery.stallises from benzene on the addition of ether in 
doubly refracting needles, a millimetre long, M.pt. 224° C. (corr.). 
Heated in a scaled tube, the molten substance becomes yellow at 287° C,, 
and decomposes about 360° C. 

Tin tetra-p-xylyl crystallises from benzene in quadratic columns 
or cubes, M.pt, 278° C. (corr.), becoming yellow at 342° C,, darker at 
347° C., and decomposing at 360° C. Yield 50 per cent. 

Tin tetra -cyclohexyl.® — Cyclobexyl bromide, 192 c.c. (250 grams), 
or 182 c.c. (182 grams) of cyclobexyl chloride, are converted into the 
magnesium compound, the mixture being heated for two hours to 
complete the reaction. The ethereal solution is then poured off and 
mixed with 300 c.c. of pure, dry benzene. To the mixture, with ice 
cooling and mechanical stirring, 75 grams of stannic chloride in 200 c.c. 
of dry benzene are slowly added dropwise. The reaction is violent and 
completed by three hours’ boiling. The mass is decomposed by ice- 

^ Goddard and Goddard, Tram. Gheni. Soc., 1922, I 2 i, 256. 

® Goddard, Ashley, and Evans, Trans. Chen,. Soc., 1922, I 2 l, 978, 

® Kjause and Sohmitz, Ser., 1919, S^> t®l> 2150. 

* Krauso and R. Beoker, Ber., 1920, 53 , [B], 184. 

® Griittner. Ber., 1914. aV. 3257 1 lirause and Pohland, ibid., 1924, S7» 535. 
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water and treated with 5 per cent, hydrochloric acid to dissolve the basic 
magnesinm salts. The benzene-ether layer is separated, washed, dried, 
and evaporated to about 35 c.c. bulk, Crystals separate on cooling, ^md 
are recrystallised from benzene by the addition of alcohol- This crude 
product is changed to the monobromide, and the latter treated with 
cyclohexyl magnesium bromide, when pure tin tetra- cyclohexyl is 
obtained- It crystallises from benzene in small, colourless, qnadiatic 
plates, resembling the corresponding lead compound. The pure com- 
pound sinters at 263° to 264° C., at 290° C. a yellowish cloudiness appears, 
and at 307° C. the product suddenly becomes dark gray and tin separates 
out- When pure it is odourless, air-stable, very soluble in hot benzene, 
moderately soluble in warm ether, and sparingly in hot alcohol. By 
the action of bromine in, carbon disulphide solution, tin di -cyclohexyl 
dibromide is formed, and iodine gives the corresponding di-iodide, but 
stannic chloride only removes one cyclohexyl group, giving tin ti'i- 
cyclohexyl chloride. 

Tin tetrabenzyl ^ is obtained by treating 1 moL of stannic chlor- 
ide in ether, in the presence of 4 atoms of magnesimn, with an ethereal 
solution of 4 mols. of benzyl chloride. After completion of the 
reaction the ether is distilled off, and the residue heated at 100° C- for 
two to three hours. On cooling, the mixture is decomposed by water, 
steam-distilled, and filtered, the dry residue being crystallised from light 
petroleum. The compound forms colourless, well-defined prisms, 
M.pt. 42° to 43° C., which are readily soluble in most organic solvents- 
It is oxidised in the atmosphere at ordinary temperatures, forming 
benzaldehyde, this often being noticed with benzyl compounds of tiii- 
Tin tetra -a-thienyl,^ (C 4 H 3 S) 4 Sn. — A suspension of stannic 
chloride in ether is slowly added to the Grignard solution from a-iodo- 
thiophene and magnesium in dry ether, and the reaction is completed by 
boiling for one hour on the water -bath. On working up in the usual 
manner, tin tetra-2-thienyl is obtained in needles or prisms, M.pt- 156° C, 
(corr.), fairly soluble in benzene, hot ether, and hot alcohol, sparingly 
soluble in cold ether, and insoluble in cold alcohol. The alcoholic 
solution when boiled with silver nitrate remains unchanged- 

Aryl Derivatives of the Types ArgSnAr' and ArgSnAIk. 

The compounds are prepared in a similar manner to tlie correspond- 
ing derivatives of lead, the starting-point being tin triphenyl chloride, 
but the yields in this case are practically quantitative.^ 

Tin-triphenyl p-tolyl crystallises from ether in fine rosettes of 
needles, M-pt. 124° C., and from hot alcohol in tufts resembling glass 
wool. It is also soluble in benzene and chloroform- 

Tin triphenyl p-xylyl crystallises from hot alcohol in colourless, 
oblong, hexagonal plates, M.pt. 100-5° C. The solubility of the body is 
similar to that of the above tolyl compound- 

Tin triphenyl a-naphthyl crystallises from alcohol in colourless, 
refractive prisms, M-pt. 125° C. 

Tin triphenyl cyclohexyl is obtained from tin triphenyl chloride and 
an exc^s of magn^ium cyciohexyl bromide. It forms bushy, colourless 

1 Smith and Kipping, Trans. Ohem. Soc., 1912, loi, 2653- 

* Krauae and Renwanz, Ber., 1927, 6o, [Bl, 1582. 

® Krause and Schmitz, Ber., 1919, 52, [B], 2160. 
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needles, M.pt. 131° to 132° C., easily soluble in benzene or ether, spar- 
ingly in alcohol. An iodine solution in benzene shows very little 
reaction in the cold, but at 60° to 70° C. slowly produces a pale yellow 
oil which crystallises from alcohol in plates, M.pt. 45° C., and no tin 
tri phenyl iodide is produced. 

Tin tricyclohexyl phenyl is obtained from tin tricyclohexyl 
bromide, and recrystallised from benzene-alcohol mixture. It crystal- 
lises in snow-white, microscopic, fern-like ramifications of crystals, M.pt. 
191° to 192° C., easily soluble in benzene or chloroform, sparingly in hot 
alcohol, and insoluble in cold. 

Tin tricyclohexyl p-tolyl, melting at 111° C., is a pure white, 
granular powder, crystallising from hot alcohol in prismatic rods. 

Tin triphenyl nnethyl ^ crystallises from ethereal solution on con- 
centration in colourless tetrahedra, melting at 60° C. to a clear, colour- 
less liquid. From this melt it crystallises in large, glittering rhomboids, 
1‘eadily soluble in benzene, chloroform, or ether, sparingly in cold 95 
per cent, alcohol. Its density at 63*85° C. is 1*3113; iih,. 1*60001, 
111 ) 1*60061, nutf 1*62351, nu, 1-63831, at 63*85° C. From these data 
the following are calculated : — 

liRiia 26 09, SRd 26*32, 1*328, 0*819 

MRh„ 95*21, MFn 96-06, ]MA.^_„ 4*85, 2 990 

Subtracting the value of the atomic refractions of carbon and hydro- 
gen, the following values arc obtained for tJic atomic refraction and 
atomic dispersion of tin in the compound ; — 

Alliu 1-1-53, ARii 14-72, AA,„„ 1*440, AA^_„ 0*870 

Tin triphenyl ethyl crystallfses from alcohol in centric groups of 
snow-white, highly refractive prisms, and from the molten crystals in 
large transparent plates, M.pt. 56° C. This and the preceding compound 
give a thick precipitate of a double compound of silver phenyl and silver 
nitrate with silver nitrate, which becomes black on warming. The 
density at 62° C. is 1*2953; mu 1-59917, 1-60542, nnis 1-62236 at 62°. 

From these figures *. 

SRh« 26-38, SRjj 26*61, SA^_a 0*820, MRn« 99-96, 

Mill) 100-81, MA^_« 3*107 

which give for tin in this compound, 

ARiia 14*69, ARd 14*86, AAyj_« 0*917 

Tin tricyclohexyl methyl occurs as a colourless, glycerine-like 
oil, B.pt. 221° C. at 15 mm. in a current of nitrogen, and forms a glassy 
mass when cooled to —75° C. It is miscible with benzene or ether in all 
proportions, insoluble in alcohol or water. Its density at 21-2° C. is 
1*1945 ; riiu 1*58379, nn 1*53781, nn^ 1*54628, nn^ 1-55384, at 21*2°, 

Hence 

MRh„ 99*682, MRi) 100*180, MA^„„ 3*098, MA)*-„ 1*936 

* This compound has more recently been prepared according to the following equation, 
the reaction being conducted in liquid ammonia; NaSn(0jH6)a-f CH8l = CH 8 Sn(G 6 H 5 )a 
+NaI (Bullard and Robinson, J. Amer. Chem. Soc., 1927, 49 , 1868). 
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The atomic refraction and dispersion of tin in the compound is 
ARna 14-461, ARd 14-642, AA^_„ 1-018, AAp_<, 0-648 

Tin tricyclohexyl ethyl is a very viscous oil, B.pt. 227° to 228° C. 
at 15 mm., with partial decomposition. Its density at 23-2° C. is 1-1766 ; 
nna 1-53453, np 1-53797, 1-54700, nn^ 1-55459, at 20-2° C. These 

figures are for the distilled preparation, and a similar series is given 
for the non- distilled preparation. The figures for the atomic refraction 
and dispersion for tin in the compound are 

ARh« 14-477, ARb 14-664, AA^^., 1-014, 0-652. 

Tin tribenzyl ethyl is formed by the interaction of tin tribenzyl 
chloride and magnesium ethyl bromide, the yield being almost theoretical. 
The product crystallises from alcohol-petroleum in colourless tablets, 
M.pt. 31° to 32° C., which n,re easily soluble in ether, benzene, or chloro- 
form, less so in alcohol, and sparingly in light petroleum. 



Ar^l Derivatives of the Types Alk.Alk'.SnAr 2 , Alk.Alk'g-SiiAr, 
Alk 2 SnAr 2 , and AlkgSnAr. 

Tin ethyl propyl dibenzyl. ^ — When tin ethyl tribai/.yl in carbon 
tetrachloride solution is treated with 1 mol. of iodine, the following 
reaction takes place : — 

Sn(C2Hg)(CH2.C6Hs)3-l-l2=Sn{C2H6)(CH2C8H5)2l+CelIsCH.2l 

The tin ethyl dibenzyl iodide thus obtained is then treated with mag- 
nesium propyl bromide, the ether distilled off, and the residue heated at 
140° C. for one hour. After coohng, the mass is treated 'with water, 
and the oil thus formed dissolved in ether, the latter separated off, 
washed, and dried. On , distillation, 70 per cent- of the oil distils at 
220° to 225° C. at 15 mm., and is pure tin ethyl propyl dibenzyl. It 
does not solidify at 0° C., and is oxidised in the air at ordinary temper- 
atures, whilst heating it under atmospheric pressure causes decomposi- 
tion, with the separation of metalhc tin- It is miscible with all the 
usual solvents. For the action of sulphuric acid on this compound, sec 
tin diethyl dibenzyl. 

Tin ethyl butyl dibenzyl — Tin ethyl dibenzyl iodide is treated 
with an excess of magnesium n-butyl bromide in ethereal solution, the 
ether distilled off, and the residue heated for one to two hours at 140° C- 
Bistillation of the residue gives the required compound, boiling at 207° 
to 209° C. at 9 mm., or 175° to 180° C. at 3 to 5 mm. It is fairly soluble 
in benzene, less soluble in acetone and ether. 

Tin ethyl dibutyl benzyl occurs as a by-product in the above 
preparation. It is a colourless liquid, B.pt. 175° to 180° C, at 9 mm., or 
118° to 122° C. at 2-5 to 3 mm. 

Tin dimethyl diphenyl.^— This is formed by treating disodium 
diphenyl stannide -with methyl iodide in liquid ammonia. The yield is 
about 84 per cent. 

Tin diethyl dibenzyl. — The product obtained from the interaction 

* Smith and Kipping, Trans. Ghem. Soc., 1912, loi, 2553. 

Law, J. Chem. Soc., 1926, p. 3243. 

® Bullard and Bobinson, J. Amer. Chem. Soc.^ 1927, 49 , 1368. 
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of tin diben/.yl chloride and magnesium etliyl bromide is an oil, which 
on distillation gives a fraction at 223° to 224° C. at 20 mm., correspond- 
ing to the desired componnd. This oil, which is slightly decomposed on 
distillatiom is heavier than water, does not solidify at ordinary temper- 
atures, and is miscible with the usual organic solvents. On heating in 
air it rapidly decomposes with the separation of metallic tin, and 
oxidation by the air produces benzaldchyde. 

When tin e\hy\ propyl dibenzyl or tin diethyl dibenzyl are treated 
with^ sulphuric acid or chlorsulphonic acid, no sulphonie' acids can be 
obtained. 

Tin trimethyl benzyl is prepared from sodium triinethyl stannide 
and benzyl chloride in liquid ammonia, according to the equation : 

MegSnNa +C 7 H.CI -MegSnC^H, -}-NaCl 

It decomposes when heated to 215° C.^ 

Tin trimethyl phenyl — Sodium trimcthylstminidc when treated 
with broniobenzenc in liquid ammonia fields tin trim ethyl phenyl, 
B.pt. 203° to 208° C., but the main product of reaction is tri (trimethyl- 
stannyl)-ainine- This is formed according to the equation : 

3 NaSn(CH 3 )., + 3 C 6 H 5 Br +NH 3 -[Sn(CH 3 ) 3 ] 3 N +3CeH6 +3NaBr 

Tin trimethyl phenyl may also be prepared by the action of magnesium 
phenyl bromide on tin trimethyl bromide in benzene-ether solution. 
The yield by this method is 35 per cent, and tlie product distils at 203° 
to 208° C- It is a colourless oil, having a pleasant odour, and is con- 
verted by brornine to tin trimethyl bromide. 

Tin triethyl phenyl ^ is obtained as an oil, B.pt. 254° C., from the 
reaction mixture derived from heating together tin triethyl iodide 
(1 moL), hroinobcnzene {1 mol.), and metallic sodium. It forms 
a colourless liquid, which has to be distilled in hydrogen, since it is 
partially oxidised in the air, has a fairly pleasant odour, bums with 
a sooty Hume, depositing metallic tin. It is highly refractive, and has 
a density 1-2C30 at 0 ° C,, is easily soluble in alcohol and ether, but 
insoluble in water. With alcoholic silver nitrate, iodine, fuming hydro- 
chloric acid, and stannic chloride, the following reactions take place : — 

2Sn(C2H5)3(CeH5)+2AgN03=2Sn{C2H5)3N03+Ci2Hio+2Ag 

Sn(C 2 H 6 ) 3 (CeH 5 )+I, =*Sn{C2H5)3l+C6H5l 

Sn{C 2 n 5 ) 3 (C«H 5 )+HCl =Sn(C 2 H 5 ) 3 Cl+C 6 H 6 

Sn(C2H5)3(CeIl5)-fSnCl4 =Sn(C2H5)<P2+Sn(C2H6)(C6H5)Cl2 

Aryl Derivatives of the Type R 3 S 11 X. 

Gefieral Method of Preparation of Tin Triphenyl Halides .^ — *Kn 
tetraphenyl (85-4 grams) is dissolved in 700 grams of hot pyridine with 
mechanical stirring and the solution rapidly cooled in ice, so that a very 
fine suspension of the compound is produced- At a temperature of 
—48° C>, 32 grams of bromine in 150 grams of pyridine are added in 6 

^ Kraus and Bullard, J. Amer^ Chem, 8oc.^ 1926, 48, 2136, 

® Bullard and Robinson, loc. cit. 

® Ladonburg, Annalen, 1871, 159, 26b 
* Krause, Ber,, 1918, 913- 

von, XI. : t. 
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portions, wth rapid .stiiTing, and a clear ^^ellow sohition is olMained. 
The pyiidme is distilled of! and the bromobcn'/cuc removed in vacuo, 
lea^’in<>' a tiiick, brown residue \\‘hich is dissolved in ether, treated with 
hydrochloric acid to remove traces ol‘ pyridine, and any niiclian<>’ed tin 
tetraphenyl filtered off. By shaking the ethereal .solution with .‘50^ per 
cent, sodium hydroxide, the halide is changed to the hydroxide, from 
which the halides may be obtained by the action of halogen acids. 
Yields 90 to 95 per cent. 

Tin triphenyl chloride. — This has also been obtained by three 
other methods : (1) Tin diphenyl dichloride is treated with sodium 
amalgam in ether solution, or with ammonia.^ (2) When an aeeti(» 
acid solution of tin diphenyl dichloride is treated with sodium nitrite, 
85 per cent, of the tin compound is convcited to tin triphenyl ehlcuide, 
nitrosobenzcnc also being formed.^ (3) It occurs among.st other pn> 
ducts, when tin tetraphenyl is decomposed by tliallic chlohde.-* It 
crystallises from ether in colourless crystals, M.pt. 10(5'’ C.. which arc 
partly octahedral and partly prismatic. It boils at 2f0” C. at 1 3-.5 mm., 
and is soluble in all the usual solvents. 

Tin triphenyl bromide has more recently l>ecn j^repared by 
treating tin tetraphenyl in boiling cliloroform with iodine, when tin 
triphenyl iodide is produced. This is then changed to the h}’droxide 
by 30 per cent, sodium hydroxide, and the solution shaken with con- 
centrated hydrobromic acid. Yield 50 per cent. This method obviates 
the cooling in solid carbon dioxide adopted by Krause.® It crystallises 
in millimetre- long pyramids or octahedra, and from dilute solution in 
fem-like masses. It melts at 120-5° C., and boils at 249° C. at 1 3-5 mm. 

Tin triphenyl iodide forms large, four -sided, monocHnic prisms, 
M.pt. 121° C., B.pt. 253° C. at 13-5 mm. 

Tin tri phenyl fluoride ® occurs as fine, snow-white prisms, M.pt. 357° 
C ., becoming brown at 345° C. It is sparingly soluble in cold alcohol, ether, 
or water. 

Tin tri-o-tolyl chloride crystallises from alcohol in thick, colour- 
less prisms, M.pt. 99-5° C. The bromide forms compact, rhominc i)lates, 
M.pt. 99-5° C., and the iodide rhombic crystals, M.pt. 119-5° C, The 
solubilities of these three compounds are similar to the corresponding 
para compounds. 

Tin tri-p-tolyl chloride forms rhombic plates, M.pt. 97-5° Ch, 
from hot alcohol. It is easily soluble in benzene or ether, s})aringly in 
absolute alcohol. The bromide crystallises in colourless rhomboids, 
M.pt. 98-5° C., and has a similar solubility to the chloride. The iodide 
crystallises in a like form to the bromide and melts at 120-5° C., and has 
also a solubility similar to the chloride. The fluoride forms hair-fine 
needles, melting in a sealed tube at 305° C. to a brown liquid. It is 
readily soluble in alcohol, but insoluble in ether. 

Tin tri-m-xylyl fluoride is deposited as fine, matted needles from 
hot benzene, M.pt. 209° C., somewhat soluble in warm ether and alcohol. 
The other halides have not been obtained in a crystalline form. 

Tin tri-p-xylyl fluoride forms fine, microscopic needles, melting 
^ Aronhelm, Annalen, 1878, 194, 145. 

2 Aronhelm, Ber., 1879, 12, 509. 

Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 2.56. 

* Chambers and Scherer, J. Amer. Chem. Soc., 1926. 48. 1054 
5 Krause, Ber., 1918, 51, 913. ^ 

« Krause and E. Becker, Eer„ 1920, 53, [BJ, 183, 
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in a closed tube at 247"’ C. (corr.). It is somewhat soluble in boiling 
ether and boiling alcohol. The chloride crystallises from hot alcohol in 
compact columns, M.pt. 141*5° C., very easily soluble in benzene or 
clilovofomn i-cadil}*in boiling ether, sparingly in hot alcohol, insoluble in 
cold alcohol. The hromide forms compact, six-sided crystals, M.pt. 
151° C. (coiT.), and is more soluble than the chloride. The iodide yields 
colourless, clear, six-sided plates from ether-alcohol, M.pt, 159*5° C. 
(corr. ), less soluble than the chloride. 

Tin tricyclohexyl fluoride i is obtained by treating the base with 
dilute hydroiluorie acid, or the bromide with neutral potassium fluoride, 
in Ijoiling aqueous alcoholic solution. It is sparingly soluble in all the 
usual solvents. When heated with acetic acid it is c*on^’ertcd into the 
acetate, six-sided prisms, decomposing at 305° C. The chloride crystallises 
in prismatic plates, M.pt. 129° to 130° C., decomposing at about 280° C., 
and lia\'ing a similar solubility to the bromide. \Mth dry ammonia it 
form.s‘ (Cyllj i).j.SnC1.2Nng, M.pt. 128° C. The bromide is obtained by 
adding the requisite cjnantity of bromine to icc-coolcd tin tetracyclo- 
hexyh and i‘emoviug the cyelohoxyl bromide which is fomicd by heating 
on a l)oiling watcr-])uth at 15 mm. The crude j)roduet is triturated with 
a little cold 9il- per cent, alcohol and reerystalliscd from a little hot 
alcohol. It mclt.s at 77f C., and decomposes at about 280° C. It 
crystailLscs in thick })risnis, a centimetre in length, very easily soluble in 
bcn’/cnc, chloroform, or ether, easily in hot alcohol. The iodide is pre- 
pared from the tctracyclohcxyl compound by the action of iodine in 
bcn’zenc solution at room temperature. It crystallises from alcohol in 
colourless, six-sided plates, M.pt. G5° €., decomposing at about 200° C. 
In the dark the, compound remains colourless, but becomes yellow on 
exposure to light. 

The hijdroa'ide is formed from the bromide by shaking its ethereal 
solution with an excess of 15 per cent, potassium hydroxide. From 
alcohol it forms six-sided columns which melt rather indefinitely at 
220° to 222° C. ’ 

Tin tribenzyl chloride.^ — The first preparation of this compound 
was made by adding stannic chloride (1 mol.) to ice-cold magnesium 
benzyl chloride {3 mol.s.) in dry ether, but the yield was poor. In 
Kippiiig’s method the stannic chloride and magnesium are mixed in dry 
ether, prior to the addition of the benzyl chloride, this method giving 
a 60 per cent, yield. The crude product is recrystallised from acetone, 
and then from glacial acetic acid, until the melting-point is constant. 
It forms well-defined prisms, M,pt. 143° to 145° C., readily soluble in 
acetone, benzene, or chloroform, less so in ether or alcohol, and insoluble 
in water. With 1 mol. of iodine it reacts as follows .*—• 

Sn(CII.,CeH5)3Cl-b2l3=Sn(CIl2CeIl5)2Cl2+Sn(CH2C6H5)2l2+2CeH5CH2l 



Aryl Derivatives of the Types R 2 S 11 X 2 and R^SnXXt 

Tin diphenyl dichloride, Sn(CgH 5 ) 2 Cl».® — Formed*. (1) By the in- 
teractioii of tin tetraphenyl (1 mol.) and stannic chloride (1 mol.) in boil- 

1 Krause and Poldand, Bry., 1024, 57, fB], 1S35. 

2 Pfeiffer and Solmurniann, Ben, 1904, 37, 319 ; Smith aoid Kipping, Trans. Chem. 
See,, 1912, loi, 2533. 

® Arordieim, Annalen, 1878, 194, 145. 




324 



ORGANOMETALLIC COMPOUNDS. 



ing xylene. (2) Mercury diphenyl is mixed witli an equal weight of 
stannic chloride, the mixture covered with light petroleum, and digested 
in a paraffin-bath for twelve hours. The whole is then poured into 
water, the petroleum drawn off, and the aqueous solution heated from 
85° to 90° C. on the water-bath. An oil separates out, and this on 
standing solidifies to a mass of white crystals of tin diphenyl dichloride. 
(3) By the interaction of tin tetraphenyl and thallic chloride.^ The 
compound forms colourless, triclinic prisms, M.pt. 42° C., B.pt. 333° to 
337° C., with partial decomposition. It is easily soluble in ether, 
alcohol, or petroleum, sparingly soluble in water, but tends to decompose 
in the latter. With strong acids it yields stannic chloride and benxeiie. 
If the aqueous solution from which the above tin diphenyl dichloride is 
obtained is heated for a long period, tin diphenyl hydroxychloride and 
tin diphenyl oxide are formed. They may be converted to the dichloridc 
by treatment with hydrochloric acid. For the dijluoride, see p. 326. 

Tin diphenyl hydroxychloride. — .As indicated above, this product 
is obtained by the action of water on the dichloridc. It melts at 1 C., 
and at higher temperatures develops an odour of diphenyl, gives the 
dichloride on warming with concentrated hydrochloric acid, and forms 
acid and basic salts of the type SnPhaClX, these readily being produced 
by the action of hydrogen chloride, bromide,*or iodide. The hydroxy- 
chloride is an amorphous powder, which is insoluble in the usual organic 
solvents. 

Tin diphenyl chloro -iodide,^ Sn(CgN 5 ) 2 ClI. — The best yield is 
obtained by treating the chloride with hydrogen iodide 

Sn(C6H5)2Cl2+HI=HCH-Sn(C6n5)2ClI 

It crystallises from anhydrous ether in transparent prisms, M.pt. 69° C., 
water or heat rapidly decomposing the compound. The corresponding 
chlorohromide, M.pt. 39° C., is easily soluble in alcohol, ether, carbon 
bisulphide, or ligroin, but some difficulty is encountered in getting the 
body to solidify. 

Tin diphenyl dibromide. — Formed by the action of hydrogen 
bromide on 'tin diphenyl oxide, the oil solidifying instantly on the 
addition of a crystal of the chlorobromide. The compound has been 
more recently prepared by the direct bromination of tin tetraphenyl.^ 
It resembles the chlorobromide in properties, and melts at 38° C. Tin 
diphenyl di-iodide does not appear to be stable, the reaction taking the 
following course : — 

1. Sn{CeHs)20 -t-2HI =Sn{CeH5).2l2 +H,0 

2. Sn{C6Hs)2l2+2HI=SnI,+2C6H6 

Tin diphenyl oxide.^^ — When the corresponding chloride or hydroxy- 
chloride in aqueous solution is digested with alkalies, or alcoholic or 
aqueous solutions of the chloride are treated with potassium or sodium 
hydroxides, ammonia or ammonium carbonate, the oxide is precipitated 
as a white powder, which resembles the hydroxychloride in solubility and 
properties. It does not melt, and decomposes without fusion on heating. 

Tin diphenyl diethoxide, Sn{CeH 5 ) 2 (OC 2 H 5 ) 2 .~If sodium ethyl- 

1 Goddard, Ashley, and Evans, Tram. Chem. Soc„ 1922, I 2 i, 978. 

Aronheior, Annalen, 1878, 194 , 145. 

® Chambers and Scherer, J. Amer. Chem. Soc., 1926, 48 , 1054. 

* Aronhelm, loc. cii. 
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ate be treated with tin diphenyl dichloride a precipitate is immediately 
thrown down. This consists of tin diphenyl oxide and sodium chloride, 
and if it be filtered off, and the filtrate evaporated, small white crystals 
of the ethoxide are deposited. These are best purified by repeated 
solution in alcohol and evaporation over sulphuric acid. The reaction 
i.s represented thus : 

1. Sn(C6H6)2Cl2+2NaOC,H,=2NaCl+Sn(C6H5)2(OC2H5)2 

2. Sn{C6H5),Cl.>+2Na0C2H5=2NaCl+Sn(C6H5)20Hh(C2H5)20 

Tin diphenyl aminochloride, Sn{C 6 n 5 )oNHoCl, is formed as a 
by- 2 ^roduct in the preparation of tin triphcnyl chloride from tin di- 
phenyl chloride by the action of ammonia. When treated with water 
it is decomposed into tin dijDhenyl hydroxychloride and ammonia. 

Tin dibenzyl dichloride. ^ — When tin tribenzyl chloride (1 mol.) 
is dissolved in carbon tetrachloride, and iodine (1 mol.) added in small 
quantities, the following reaction ensues : — 

2Sn(CH2CeHj,)3Cl-h2l2=Sn{CH2CeH5)2Cl2+Sn(Cn.,C6H5)2l2 

-t-2CeH5CH2l 

By suitable treatment this mixture is then converted to chloride, 
which is easily soluble in alcohol, acetone, ether, chloroform, cai'bon 
tetrachloride, or boiling acetic acid, sparingly soluble in hot, light petrO" 
leum. It forms long needles, M.j)t. 163° to 164° C. Tvl dibetizyl di-^ 
iodide is more soluble in carbon tetrachloride than the corresponding 
chloride, so that it can be obtained from the mother-liquors from which 
the chloride has been deposited. It is also formed when tin dibenzyl 
oxide is dissolved in hot acetone containing hydrogen iodide. The 
compound crystallises in long, silky, yellow needles, M.pt. 86° to 87 ° C. 
The dibromide is formed from the oxide in a similar manner to the iodide. 
It is more soluble than the chloride, and crystallises in colourless 
needles from light i;>etroleuni, M.pt. 103° C. 

Tin dibenzyl diacetate is deposited from the solution obtained by 
dissolving tin dibenzyl oxide in glacial acetic acid, It forms long, 
colourless needles, M.pt. 136° to 137° C,, readily soluble in acetone, 
chlorofonn, alcohol, or benzene. 

Tin dicyclohexyl difluoride ^ is prepared from the dibromide or 
diehloride by adding the calculated amount of neutral potassium fluoride 
in aqueous alcoholic solution. It is a line, white, crystalline powder, 
diflicultly soluble in all solvents with the exception of hot acetic acid, 
from which it crystallises in bushy needles, M.pt. 278° C., with previous 
sintering. The dichloride is obtained from the dihydroxide by long 
warming with concentrated hydrochloric acid. It crystallises from 
benzene in colourless needles, M,pt. 88° to 89° C., which sometimes are 
a centimetre in length . When molten, it becomes turbid at about 220° C., 
and decomposes with rise of temperature. The dichloride, like the di- 
bromide,' is hydrolysed by a large bulk of water. Prolonged boiling of 
tin tetracyclohexyl in chloroform or carbon tetrachloride solution with 
the calculated quantity of bromine yields the dibromide, which crystal- 
lises in needles, M.pt. 58° C. It is very readily soluble in chloroform, 
benzene, or carbon tetrachloride, sparingly in alcohol or ether.® The 

* Smith and Kipping, Trails, Chem. Soc., 1912, loi, 3553. 

“ Krause and Pohland, Ber., 1924, 57 , [B], 536. 

® See Griittner, JBen, 1914, 47 , 3257, 
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di4odide is a .snow-white, crystalline powder, M.pt. 12 ° C.^ Heated in 
a sealed tul)e it gives a clear liquid at about 250° C.. at 253"^ C. it bceomes 
cloudy and changes to dark red, and abo^'e 300° C*. becomes Idack. 'Hie 
dihydro.iide is formed by the hydrolysis of the dibromidc, and a bsiaic 
bromide is not obtained . The dihydroxidc is a white, amorphous powder, 
insoluble in water and the usual organic solvents. It discolours towards 
280° C,, sinters at 287° C., and is completely decomposed at 291'’ th 

A')-yl Derivative of the Type Alk.Ar.SnX 3 . 

Tin ethyl phenyl dichloride, ^ Sii(C2H5)(C6lI,,)Clo, i.s prepared by 
the action of stannic chloride on tin trieth)d phenyl. It forms rhombic 
plates, M.pt. 4 . 5 ° C., easily soluble in ammonia and alcohol, but with 
difficulty in water or dilute hydrochloric acid. 

Aryl Denvatives of the 2'ype R 2 Sn.^ 

Tin diphenyl. — To the Grignard solution from 75 gram>s of broino- 
benzenc in 400 c.c. of ether, 15 grains of anhydrous, tinely powdered 
stannous chloride are added, the mixture being shaken, ice-coolcd, and 
dry nitrogen gas passed in. The solution first becomes deep reddish- 
brown, and as the reaction proceeds a golden yellow, amorphous powder 
separates out. After one hour at room temperature the mixture is 
gently warmed for ten minutes, all operations being conducted in a 
nitrogen atmosphere. The product is then decomposed by ice, and 
shaken with benzene, and the benzene-ether layer removed, dried, and 
evaporated in vacuo to about 70 c.c. The deep red solution is shaken 
with alcohol, tin diphenyl being precipitated as a yellow powder. This 
may be purified by solution in benzene and precipitation with alcohol, 
the final product being washed with alcohol, then rapidly with a little 
ether, and dried in vacuo over phosphorus pentoxide. Yield 10 grams, 
64 per cent. It is a shining yellow, amorphous powder, readily solnlile 
in benzene and chloroform, easily in ether, and insoluble in alcohol. Very 
dilute benzene solutions are intense yellow to reddish yellow, and soon 
become turbid on exposure to air, owing to oxidation. In sunlight the 
benzene solutions become deep red and a bright )'-ellow precipitate 
separates. Dry tin diphenyl is oxidised in the air, becoming wdiite. 
Fuming nitric acid causes it to inflame, and alcoholic silver nitrate is 
reduced. It softens at 126° C., and melts to a dark red liquid at 130° 
from which tin separates at 205° C. When brominated at —25*^ C. in 
chloroform solution an oil is produced, and this, with aqueous alcolioKc 
potassium fluoride solution, gives tin diphenyl difluoride, quadratic 
columns, melting above 360° C. It is slightly soluble in alcohol or benzene. 

Tin di-p-tolyl is an orange-yellow, amorphous powder, softening at 
109° C., and melting to a clear, dark red liquid at 111-5° C.; on further 
heating it becomes turbid, and tin separates out at 245° C. It dissolves 
in benzene in all proportions, readily in ether, but is insoluble in alcohol. 
The solutions resemble potassium dichromate in colour, and blacken 
alcoholic silver nitrate. It is not so readily oxidised in air as the phenyl 
compound, 

^ Griittner, M.pt. 146° C. 

® Ladenburg, Annalen, 1871, 159 , 251. 

Kxause and R. Becker, Rer., 1920, 53 , [B], 183; Chambers and Scherer, J. Amer. 
Chem. Soc., 1926, 48 , 1054; see p. 329. 
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Tin di-p-xylyl has similar properties to the preceding compounds. 
It sinters at 155° C., forms a deep red liquid at 157° C., and decomposes 
at 240° C. 

Tin di-cyclohexyl ^ is an intense yellow, odourless powder, very 
easily soluble in benzene, soluble in ether, and insoluble in absolute 
alcohol. In very dilute benzene solution it is citron yellow. When 
heated in absence of air it becomes deep orange-yellow at 130° C., and 
melts to a ruby red liquid at 176° to 178° C., darkening at 260° C., and 
dceomposiug at 285° C. 

Tin di -a -naphthyl is prepared in the usual manner, 30 grams of 
a-bromonaphthalene and 5 grams of stannous chloride giving 8 grams 
of tin dinaphthyl, 73 per cent. It softens at 196° C„ melts to a dark red 
liquid at 200 ° C.. and decomposes at 255° C. 

Aryl Derivatives of the Types Ar^SinSnArg and Ai-gSn.SnAlkg.^ 

Hexaphenyldistaniiane.--The preparation is carried out in the 
same manner as that of tin dipliciiyl. but instead of warming the product 
for ten miimtcs as stated in that preparation, it is now vigorously boiled 
foT.' three to four hours in a stream of nitrogen. The reaction product is 
decomposed with water, extracted with benzene, and the latter solution 
separated off and dried. Hexaphcnyldistannane may also be obtained 
by the reduction of tin tri]>henyl chloride in benzene-xylene solution 
by metallic sodium (yield 50 per cent.), or in alcoholic solution (yield 
65 per cent.). T'rom baizene it contains 1-5 mols. of benzene of 
crystallisation, but from ether flat rectangular plates are deposited, 
fronr chloroform, pyramids. It is somewhat soluble in benzene, readily 
in chloroform, sparingly in ether or acetone, and insoluble in alcohol. 
It melts at 237° C., becomes yellow at 250° C., aaid decomposes at 280° C. 
It reduee.s silver solutions at —75° C. to black metallic silver. Bromina- 
tion at --30° C. produces tin triphcnyl bromide. 

Hexa-p-tolyldistannane is prepared by the treatment of tin tri-p- 
tolylbromide with metallic sodium and alcohol. Yield 64 per cent. It 
crystallises IVoni benzene in colourless, rhombic plates, easily soluble in 
benzene or ether. .sj)aringiy in alcohol. It melts at 143*5° C., becomes 
yellow at 285° C., and decomposes at 335° V-. It ha.s similar properties 
to the phenyl compound. 

Hexabenzyldistannane,^ (OglIr,.CII. 2 )gSn.Sn(C<jll 5 . 01 X 2 ) 3 , is pre- 
pared by heating tin tribenzyl chloride with .sodium in toluene solution. 
It separates from acetone in colourless tablets, M.pt. 147° to 148° C., 
readily soluble in hot acetone or benzene. Treatment with iodine in 
benzene solution yields tin tribenzyl iodide. 

Hexa-p-xylyldistannane * is obtained from the bromide in 50 per 
cent, yield. It crystallises from benzene-alcohol in llak rhombic plates, 
very soluble in benzene or chloroform, sparingly soluble in ether, and 
insoluble in alcohol. It melts at 196° C. (corn), becomes yellow at 350° 
C., and decomposes at 368° C. 

Hexacyclohexyldistannane ® is prepared from the bromide in 

^ Krause and Pohland, Ber„ 1924. 57 , [B], 536. 

^ Krause and Becker, he. cit. 

» Law, y. Chem. 80c., 1926, p. 3243. 

* Kraus© and R. Becker, loc. cit. 

® Krause and Pojiland, loc. cit. 
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xylene solution, in 90 per cent, yield. It crystallises from hot xylene or 
benzene in six-sided plates, decomposing above 300° C. It is sparingly 
soluble in cold benzene or xylene, easily soluble on wanning, and is in- 
soluble in alcohol or ether. 

Triphenyltrimethyldistannane,^ Ph 3 Sn.SnMe 3 . — Sodium tin tri- 
phenyl is treated with tin trimethyl bromide in liquid ammonia, when 
the product is immediately precipitated. It melts sharply to a clear,, 
colourless liquid at 106° C., and shows no tendency to oxidise in uir. 



Derivatives of Tin Triphenylr 

Sodium tin triphenyl, (C 0 Hs) 3 SnNa.— Tin triphcnyl_ bromide is 
dissolved in liquid ammonia and the solution treated with metallic 
sodium. The reaction occurs immediately, die product being formed 
together with sodium bromide. The compound is a pale jmllow, amor- 
phous powder, soluble in liquid ammonia, gimng a pale yellow solution, 
and it dissolves to some extent in dry ether. When dry oxygen is 
passed through its solution in liquid ammonia, the solution evaporated 
and the residue extraeted with hot benzene, tm triphenyl hydroxide, tin 
tetraphenyl, and tin diphenyl oxide are fonned. The reaction between 
sodium tin triphenyl and phenyhnercuric iodide in liquid ammoura gives 
rise to tin triphenyl, sodium iodide, mercury, and phenylmercuric amine, 
CeHg.Hg.NIIa, M.pt. 128-5° to 124° C. With sodium monochloracetate 
in liquid ammonia solution the reaction is as follows :■ — 

(C6H5)3SnNa+CH2Cl.COONa=(C6H5)3SnCH2COONa+NaCl 

The tin compound thus formed crystallises in plates, M.pt. 122° to 
122-5° C., soluble in the usual organic solvents, save petroleum ether, and 
insoluble in water. It is best crystalhsed from 80 per cent, acetic, acid, as 
the sodium salt is very soluble in water and undergoes hydrolysis. 

Tin triphenyl hydrideis formed aecording to the following equation : 

{C6H6)5SnNa-hNH4Br = {C6H5)8SnII+NaBr,-l-NTl3 

Five grams of tin triphenyl bromide are placed in a reaction tube and 50 c.c, 
of liquid ammonia condensed upon it. Sodium is added gradually until 
a permanent blue colour is obtained (0-63 gram sodium). Ammonium 
bromide, 1 -25 grams, is added, the colour disappears and a white precipi- 
tate forms. The ammonia is evaporated and the residue extracted with 
ether. On evaporating the ether in an atmosphere of ammonia, a 
cloudy yellow oil and a white crystalline solid, M,pt. 229° to 232° C., arc 
obtained. This solid is tin triphenyl, and the liquid in an ammonia 
atmosphere boils at 173° to 174° C. at 6 mm. The latter is the hydride, 
which may be oxidised to tin triphenyl {M.pt. 232-5° C.) by passing dry 
oxygen through its solution in absolute alcohol for fifteen minutes, A 
wMte crystalline powder is obtained, which may be recrystallised from 
ether. All manipulations of the hydride must be conducted in an inert 
atmosphere. When the hydride is treated with sodium in liquid 
ammonia, sodium tin triphenyl is formed, and when tin triphenyl 
chloride is added to the solution, tin triphenyl and sodium chloride 
result. 



1 Krause and Bullard, J. Amer, Chem. Soc., 1926, 48, 2134. 

^ Chambers and Scherer, J, Amer. Chem. Soc., 1926, 48, 1065. 
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Tin diphenyl hydride is prepared in much the same way as the 
preceding compound, the reactions being carried out in liquid ammonia, 
and represented by the following equations : — 

(CeHslaSnBrod-lNa — (C6H5)2SnNao+2NaBr 

(C6H6)2SnNa;+2NH4Br={C6Hs)2SnH2Hh2NaBrHh2NH3 

The. compound forms as a dark brown precipitate. The ammonia is 
allowed partially to evaporate and di*y ether added. The remainder of 
the annnonia is then evaporated, and by means of a eudiometer con~ 
nected to the reaction tube, it is found that hydrogen corresponding to 
one molecular equivalent is evolved, i.e, the hydride loses its hydrogen, 
yielding tin dipheni/l. The latter compound by this process is obtained 
as a yellow solid, decomposing at 205“ C., and readily soluble in organic 
soh^ents, except ctliyl alcohol. In the solid state it is not readily oxi- 
dised in the air, but in solutions the oxide soon separates. This com- 
pound differs from that described by Krause ^ in its melting-point and 
reactivity towards oxygen (p. 326). 

Tin tclraphenyl reacts with sodium in liquid ammonia to form 
sodium till triphenyl and disodiuin tin diphenyl, the amounts depending 
on the conditions of the experiment. 



Hcteroeijclio Sydems containing Tin. 

These conipouiids are similar to the heterocyclic compounds of lead. 
Tin dimethyl or diethyl-cyclopentametliylene is obtained by the action 
of till dimethyl- or diethyl dibromide or di-iodide on the magnesium 
compound of 1 : 5-dichloropentaiie with difficulty, and has the following 
Constitution .• — 

Etv /CII 2 — CH2\ 

>Si< bCHg 

Kt/ \CII2— 



It is analogous to the cyclohexaiies, in which a carbon atom has been 
rc})laccd by quadrivalent tin. The constitution of the body is com- 
pletely detennined by sci.ssion ivitli halogen and molecular weight deter- 
nuiuitions. By the action of two atoms of bromine in the cold the ring 
is partially split, and tin diethyl-5-bromoamyl bromide obtained. 

Br 

CH2(CH2)3CH2Br 




The reaction is quantitative and analogous to that of the lead com- 
pound. 

By the action of ethyl magnesium bromide, the bromine atom bound 
to the tin is replaced by the ethyl group, with the formation of tin 
triethyl-5-bromoamyl. In absolute ether solution tlie reaction with 
magnesium goes quite easily, a 75 per cent, yield being obtained, the 
{ 5-trietbylstaniiyhn-amyl )-magnesium bromide. 



Et. /Et 
>Sn< 

Et/ \CH2{CH2)3CH2MgBr 



giving with water, tin triethyl-n-amyl. 

^ Elraus© and R. Becker, Ber., 1920, 53, [B], 183. 
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By the action of lead trimethyl bromide on the magnesium com- 
pound of trimethyl-5 -bromoamyl tin, l-trimethylstamiyl-5*trimcthyl- 
plnmbyl-n-pcntanc is formed. 

Lead trhnethyl bromide and tin tricthyl bromide with the m.-ig- 
nesium compound of 1 : 5-dicliloropentane give bis-trimcthyl}dunibyl-n- 
pentane and bis-triethylstannyl-n-peiitane respectively, 

Tin diethyl -cyclopentamethylene, 

Et2Sn<{CH2)s 

To the magnesium compound from 112 grams of 1 : 5-dichloropcntanc in 
400 c.c. of dry ether, 130 grams (half the calculated quantity) of tin 
diethyl dibromide are added in small portions with shaking. A violent 
reaetion takes place and all the products pass into solution. After the 
reaction has subsided the whole is boiled for thirty minutes, tlie ether 
distilled off, and the residue baked on a boiling water-bath for one hour. 
The mass is decomposed with water, the ether layer separated, washed 
with water, and dried over calcium chloride, llenioval of the ether gives 
an oil, which is fractionated under reduced pressure in a stream of em^bon 
dioxide. The fraction distilling at 98° to 104° C., after several di.s‘tilla- 
tions at 14 mm. pressure, gives a constant boiling fraction at 95*^ C. 
Yield about 25 grams. The compouird is a tiun, colonrless oil having 
a pleasant smell, resembling pine- leaf exti*act. In absence of air it may 
be kept for a month, but in the course of a day becomes* turbid in air, 
depositing a white resin. 

Tin diethyl -5 "bromoamyl bromide, 

/(CH2)5Bx 

Et2Sn<Q 

\fir 

A solution of 12-3 grams of the preceding compound in 50 c.c. of ethyl 
acetate is cooled in ice and treated dropwisc with H grains of bromine, in 
25 c.c. of ice-cold ethyl acetate, the mixture being frcipieiitly .shaken. 
When all the bromine has been added, the ethyl acetate is distill cd off. 
and the oil fractionated in carbon dioxide. The fraction, B.pt. 139° to 
192° C. at 16 mm., gives a thick, colourless oil, B.pt. 190*5° V. at 10 mm. 
Yield quantitative. The bromine atom bound to the tin may be 
removed by treating the alcoholic solution of the s*nb.s*tanc(* with alcoholic 
.silver nitrate containing some nitric ac*id. The .second bromine atom 
is estimated by the me&od of Carius. 

Tin triethyl -5 -bromoamyl, Et 3 Sn.(CIi 2 ) 5 Br.— Fifteen grams of 
tin diethyl-5-bromoamyl bromide in 200 c.c. of ether are added to the 
Grignard .solution from 25 grams of ethyl bromide in 100 c.c. of ether. 
The reaction is completed by boiling the mixture for five minutes. The 
mass is decomposed with water, and the ether layer separated and dried. 
Distillation in a carbon dioxide atmosphere yields an oil, B.pt. 155*5° C. 
at 15 mm. Yield quantitative. It is a colourless, thin, air-stable, 
almost odourless oil. 

Tin triethyl-n-amyl, and 1 ; lO-Bis-triethylstannyl-n-decane, 
Et 3 Sii.(CH 2 )io‘SnEt 3 . — ^Magnesium powder, 1-5 grams, is cauterised with 
0*5 gram of ethyl bromide in 10 c,c. of ether. The ether is then poured 
off and the powder treated several times with ether, the latter being 
decanted off. A solution of 10 grams of tin triethyl-5-bromoamyl in 
40 c.c. of ether is then added to the powder and a violent reaction takes 
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place. This is completed by two hours’ boiling- The ether solution is 
then poured off, decomposed with water, and 'Uic ether layer separated 
and dried. The solution is now distilled in carbon dioxide under 
reducetl pressure- -Vt 11 C. at 15 mm. G grams of tin triethyhn-amyl 
are obtained, and at 217'" to 210° C. at 15 mm. 2 grams of 1 : 10-bis-tri- 
ethylstannyl-n-cleeane. The latter is a colourless, odourless oil. 

Tin diethyl -n -amyl bromide is obtained as a colourless, thick, 
unpleasant smelling oil, by adding the requisite quantity of bromine in 
ethyl acetate to tin triethyl-n-amyl. 

Tin dimethyl -cyclopentamethylene is prepared in the same 
manner as the corresponding ethyl compound, winch it resembles in 
properties- IVhen treated with bromine it yields tin dvmeihijl~5~hro7no-' 
amyl bromide, a colourless, air-stable, somewhat \’iscous-, pungent oil 
of unpleasant odour. 

Tin trimethyl -5 -hromoamyl, prepared in the usual way, is a 
colourless, thin, air-stable oil, having an odour resembling the tin 
alkyls. 

1 : 5-Bis-triethylstannyl-n-pentane, Et 3 Sn.(CH.j) 5 .SnEt 3 . — 
Fifty grams of tin trie.thyl bromide arc added to the Grignard solution 
from 15 grams of 1 : 5-dichloropcntane in 150 c.c, of ether. The re- 
action takes place smoothly and i-s completed by tliree hours’ warming ; 
the solution is decomposed with water, the ethereal layer dried and the 
solvent removed. At 14 mm. the product distils at 204° to 20G° C., 
further distillations giving a pure compound at 205-5° C. Yield 12 
grains. 



Denvative containing Tin and Lead. 

1 -Trimethylstannyl-5-trimethylplnmbyl-n-pentane, McgSn. 
(ClI.^) 5 .PbIVIe 3 --— The magnesium compound from 9-2 grams of tin tri- 
inethyl-5-bromoamyl in 50 c.c. of ether is shaken with 9-8 grams of lead 
trimethyl bromide. A smooth reaction takes place and all the product 
dissolves. The whole is boiled for thirty minutes and decomposed with 
water. To remove the excess of lead trimethyl bromide, the ethereal 
solution is twice shaken with 20 per cait. potassium hydroxide and 10 
]ier cent, sulphuric acid, and the precipitated lead trimethyl sulphate 
filtered off. The ethereal solution is tlicn washed with water, dried over 
calcium cliloride, and the ether distilled off. The oil remaining, when 
distilled under reduced pressure gives 7 grams of product at 104° C., 
this after .several distillations* yielding 4-5 grams of the required com- 
pound as a thick, colourless oil, B.pt. 162° C. at 17-5 mm. 

The physical constants of the above compounds are shown in Table 
XVIII. of the Appendix. 




CHAPTER XIV. 

ORGANOMETALLIC DERIVATIVES OF LEAD. 

A PERIOD of seven years elapsed after the preparation of the first tin 
organic compound before a derivative of lead was obtained. In 1(S5‘) 
Buckton isolated lead tetraethyl by the interaction of zinc ethyl and 
lead chloride. A number of investigators then worked upon this com- 



Taele I. 





332 




333 



ORGANOMETALLIC DERIVATIVES OE LEAD, 

pound together with lead tetrametliyl, and produced many derivatives 
of the type Rg.SnX (R— alkjd ; X==acid radicle). It is, however, 
within the last ten years that the majority of the products recorded in 
this chapter have been made. The bulk of the work centres round 
mixed alkyl or aryl compounds, or combinations of the two. The 
abo^'e tables ha^‘c been drawn up to show the main reactions carried 
out. In I. the lead alkyls are illustrated by making use of some ethyl 
deri\-atives. and in II. phenyl compounds are used. The heterocyclic 
compounds of lead are similar to those of tin. 

Alkyl Derivatwes of the Type R^Pb. 

Lead tetramethyl, Pb(CIIg),t.--Tliis may be prepared by the inter" 
action of a sodiuni-lcad alloy (20 per cent, sodium) and methyl iodide,^ 
or from lead chloride and -/iiic methyl.® It has more recently been 
obtained by tlic Grignard reagent, from magnesium methyl chloride and 
lead chloride.*^ The compound is a liquid boiling at 110° C., melting at 
—27*5° C., insoluble in water, but readily soluble in alcohol or ether. 
The following physical constants have been determined : density 2*034 ; 
1*9951 ; nii*— n(< 0-01881, Treatment with hydrochloric acid or iodine 
removes one of the methyl groups, giving a lead trimethyl halide. 

Lead tetraethyl is isolated in a similar manner to tlie above methyl 
compound, from sodium-lead alloy and ethyl iodide ^ or from lead 
chloride and 7 ,mc ethyl.® A simpler method than the foregoing is 
carried out as follows : ® Twenty grams of ethyl iodide and 3 grams of 
magnesium arc allowed to react in dry ether, and 10 grams of lead 
dichlorido added, the whole then Iwiled for one hour. The mixture is 
then decomposed with water, the ether Layer removed and dried over 
calcium chloride. After distilling off the ether, lead tetraethyl remains 
as a colourless oil, boiling \vith decomposition about 200° C., but un~ 
decomposed at 91° to 92° C. at 19 mm. or 83° C. at 13 mm. It has 
recently been obtained in 90 per cent, yield by the interaction of zinc 
diethyl and lead chloride.’ The compound is insoluble in water, but 
miscible with ether. One ethyl group is split off by the action of hydro- 
chloric acid or iodine, and sulphur dioxide yields diethyl sulphone. 
The compound is now u.sed industrially for mixing with the fuel of 
explosion motors, as it allows greater compression without the danger 
of self-ignition.® Physical constants .* density. 1 *62 ; 1*6591 ; 1*64296 
at 22^4° C., 1*50934, ni> 1*51417, n.^ 1*53430, nr-no 0*01750. 

Lead tetra-n-propyl is obtained by the interaction of magnesium 
propyl bromide and lead chloride. Density 1*4419 ; n^— nc 0*01566. 

Lead tetra- sec-propyl is a highly mobile liquid, B.pt. 120*0° C. at 
14 mm., having a density 1*4578 at 12° C. 

Lead tetra-isobutyl occurs as white plates, M.pt. —23° C., 
density 1*3240 at 20*2° C. 

Lead tetra-isoamyl has a density of 1*2332 at 20*5° C. 

^ Oahours, Anmlen, 1862, 122, 67. 

^ Butler ow, Jahresber., 1863, p. 476. 

® Griittixer and Kranee, JBer., 1916, 49, 1415. 

* Ghira, Gazzetta, 1894, 24, i. 44. 

« Bucktoii, Annakn, 1859, 109, 222 ^ 1861, 112, 226; Frankland and Lawrance, 
Trans, Chem. Soc., 1879, 35, 246. 

* Pfeiffer and Truskier, Ber., 1904, 37, 1128. 

’ Meyer, Chem. News, 1925, 13 1, 1. 

® Jolibois and N<Mrmand, Compt. rend., 1924, i79» 27. 
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Alkyl Derivatives of the Type 

The method of preparation of this type of compound consists in 
treating lead trialkyl halides with magnosinni alk}’l halides, the reaction 
proceeding smoothly, and gi'dng 90 to 95 per cent- yields. Thc.sc bodies 
are colourless, easily mobile, and extraordinarily volatile — thc^ tri- 
methyl series at ordinary pressures soon becoming midecomposed boiling 
liquids, and in tlie pure state they can be kept in contact with air foT 
a month without decomposing, provided that the light is excluded. In 
sunlight or direct daylight, however, they soon give brown precipitates, 
and the separation of -metallic lead has been noticed. To ensure the 
production of pure compounds, the Giignard reagent must only be in 
slight excess, and the trialkyl lead halide must be free from lead halide. 
The separation of the mixed lead alkyls from their reaction }uoducts is 
carried out simply in the following manner : At the first distillation, 
the compounds of the triethyl series come over almost entirely, and the 
first and second runnings are quite distinct within a few degrees. These 
mixed compounds resemble tlie simple lead alkyls in their propcrtic.s, 
and at very low temperatures solidify to glassy, amorphous masses- 
They immediately reduce alcoholic silver nitrate, and w-ith halogens all 
the compounds, with the exception of lead methyl triethyl, split off a 
methyl or ethyl group. The compounds thus formed of the tyj)e 
Mco.Alk.Pb.Hal., form important starting-points for the preparation 
of mixed lead tetra-alkyls of the types Me 2 -Pb.Alk.._j and Me^.Pb-Alk'-.Alk. 
The bodies are highly poisonous, and possess a fruity smell, sometimes 
resembling raspberries, but the smell may be concealed by certain 
radicles, such as the isoamyl. 

Lead trimethyl ethyl.-— To the magnesium compound from 13-5 
grams of ethyl bromide {0-125 mol.) in absolute ether, 28-8 grams' 
of lead trimetiiyl chloride or 33-2 grams of lead tiimcthyl bromide are 
added, and after the initial reaction has subsided tlie whole is heated 
for two hours on the water-bath. The thick paste thus obtained is 
decomposed by water, the flask being cooled in icc, and the ether separ- 
ated off. One quarter of the volume of the latter is distilled off, and the 
remainder fractionally distilled, the receiver being cooled in carbon 
dioxide-ether mixture. The yield is 85 per cent., and the compound 
boils at 27° to 28° C. at 10 to 11 mm. The product thus obtained is a 
colourless, mobile, and easily volatile oil, very inflammable, and yielding 
lead oxide on burning. 

The lead estimation is carried out as follows : The substance is 
dissolved in ten times its weight of carbon tetrachloride, cooled, and a 
large excess of a 10 per cent, solution of bromine in the same solvent 
added. The mixture is taken almost to dryness on the water-bath, then 
boiled a short time with a little absolute alcohol, and well cooled, the 
precipitate, which consists of pure lead bromide, being filtered on a 
Gooch crucible and washed with ice-cold alcohol- 

Lead trimethyl n -propyl is prepared by the interaction of lead 
trimethyl chloride or bromide and magnesium n-propyl chloride, when 
a 90, per cent, yield is obtained. In the vacuum distillation the receiver 
must be cooled to at least —10° C. to avoid loss, the properties of the 
body being the same as the above compound- 

1 Griittner and Krause, Rer., 1916, 49 , 1126. 
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The followiiy^ bodies are oljtaiiied in a similar manner, the yields 
bcinij indicated : hvni inmethijl n-butyl (SO per cent.,) ; lead trimethyl 
i.svbutyl (00 percent.); lead trimethyl iwamyl (80 per cent.). Sub- 
stitntin;>; lead tricthj’l chloride or bromide for the trimethyl compound, 
the ibllou'inij arc isolated: lead methyl triethyl (90 per cent.); lead 
triethyl n~propyl (95 per cent.); lead triethyf isobutyl (92 per cmt.) ; 
lead triethyl isoamyi (94,< per cent.). 

The physical coii.stants of the compounds are shown in Table XIX. 
of the Appendix. 

Lead tctra-alkyls containing one or two secondary radicles can easily 
be obtained by the action of lead alkyl mono* or dilralides on secondary 
magnesiunr alkyl hahde.s, whilst those containing three secondary 
radicles arc dciivcd primarily from the tetra -alkyls. ^ Table XX. of the 
Apj)cndix gives n list of these conijjonnds, together with their physical 
constants. 

Alkyl Derivatives of the Type H.^PblL'. 

In the pr(>})aration of tlicse compounds it has been found aclvan- 
iageons to make a paste oi‘ tlic lead dialkyl halidc.s, and then add tins 
to the Lrigiuinl reagent. The properties of the compounds are similar 
to those described for the lead trialkyl alkyls. The simplest member of 
thi.s series, le:id dimethyl diethyl, has give.n rise to some discussion 
regarding its physical constants. It \vas prepared by the action of 
magnesium methyl iodide on lead diethyl chloride. Its properties are 
shown below i 

{ hiittner ai^d Krause .* ® 

Rpt. sr C. at 13 mm. ; density, 1-7906 at 20° C. ; 1-5177 ; nj^-iia 0-01785 at 20° C. 

B.pt. 54° C. at 18 mm. 

Btollor and I’Mffor : * 

B.pt. 52° C. at 14 mm. ; density 1-7851 at 20° 0. n,) 1-5164 ; Uy— n<« 0*01832 at 20° C. 

Table XXL of the Appendix gives a list of the compounds made up 
to the present time together with their physical constants. 

Alkyl Derivatives of the Type RgPbR'R"'. 

Halogen snbstitution products of lead alkyls with secondary alcoholic 
radicles have been isolated^ by the reduction of ketones at a lead 
cathode, when a mixture of stable and unstable lead alkyls is produced. 
The compounds containing one or more secondary radicles are produced 
in the u.sual way from lead alkyl mono* or dihalides. Since, however, 
the lead atom seems less firmly attached to a secondary than a primary 
group, the following compounds differ from the tctra-alkyls containing 
normal radicles. They are unstable in air, and the secondary radicle 
is expelled by bromine at —75° C., even before a lighter group. If 
the compound contains two secondary groups, both are split off, whereas 
with normal radicles only one is removed at this temperature. 

Compounds of the above type, together with their physical constants, 
are shown in Table XXII. of tlie Appendix,^ 

(Sriittnor and Krause, Be/r„ 1917, So, 278, 574. 

* Griittnor and Eirauso, iiid., 1916, 49, 1646. 

* Moller and Pfeiffer, B&r,, 1916, 49, 2441. 

* Tafol, Ber., 1911, 44, 334. 

® Grffttaer and Krause, Ber„ 19X7, 50, 202, 574. 
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Alkyl Derivatives of the Type RR'R"R'"Pb.^ 

Lead methyl ethyl n -propyl n-butyl. — Lead dimethyl ethyl ii- 
propyl is brommated at —75° C., when one methyl group is split off 
and the bromide formed. The latter is then treated with n -butyl 
magnesium bromide, the above compound being obtained in 90 per 
cent, yield. It has B.pt. 103° C. at 13 mm. ; density 1-5068 at 23-.5° 
C. ; nD 1-5072 ; np-no 0-01607 at 22-4° C. 

Lead methyl ethyl n -propyl isoamyl is prepared from the 
bromination product of lead diethyl propyl isoamyl and methyl mag- 
nesium chloride in 85 per cent, yield. It boils at 115° C. at 15 mm. ; 
density 1-4792 at 21° C. ; nna 1-50189 ; Ud 1-50636; 1-51747; 

tijiy 1-52720 at 21° C. 

Lead ethyl n-propyl n-butyl isoamyl is obtained in 75 per cent, 
yield by treating the bromination product of lead methyl ethyl n- 
propyl n-butyl with isoamyl magnesium chloride. It boils at 144° C. at 
14 mm. ; density, 1-3699 at 23-3° C. ; np 1-5028 at 21-5° C. ; Up— iic 
0-01473. 

Alkyl Derivatives of the Type RaPbX. 

Lead trimethyl chloride, Pb(CH 3 ) 3 Cl.^“When hydrochloric acid 
reacts with lead tetramethyl, one methyl group is displaced, and the 
solution on cooling deposits glistening needles of the above compound. 
If the substance be recrystallised from water it appears in prisms. The 
body is somewhat soluble in boihng alcohol, and can be sublimed. It 
has been more recently prepared ^ by the chlorination of lead tetra- 
methyl at —60° C. in ethyl acetate solution. It is stated to be the most 
difficultly soluble of all the lead tri alkyl halides, but easily soluble in 
ethyl acetate, and insoluble in light petroleum. It gradually sublimes at 
187° C., but more rapidly at 195° C. Lead trimethyl bromide is prepared 
by similar methods to the chloride, and forms white prisms from ethyl 
acetate, which sinter at 131° C. Lead trimethyl iodide is formed by the 
interaction of lead tetramethyl and iodine. It crystallises in colourless 
needles from alcohol, is sparingly soluble in water, and sublimes un- 
changed on heating. When the iodide is distilled with caustic alkali, 
lead trimethyl hydroxide is formed. The fluoride crystalhses in needles, 
density 3-53 at 16° C., which explode feebly about 305° C.^ 

Lead, triethyl chloride, prepared in the usual way, forms white 
needles, M,pt, 172° C.® The compound is easily soluble in alcohol and 
ether. The bromide crystallises from ether in needles, M.pt, 103° to 
104° C,; but the iodide is an oil, and has not been obtained in a pure 
state.® 

Lead triethyl hydroxide may be obtained from the chloride by 
means of alcoholic potassium hydroxide ; it is strongly alkaline, difficultly 
soluble in water, and readily forms salts. Lowig isolated the s-ulphate, 

^ Griittner and Kxause, Ber., 1917, 50, 209. 

2 CahoTirs, Annahn, 1862, 122, 48. 

® Griittner and Krause, Ber., 1916, 49, 1415. 

* Kxause and Pohland, Ber., 1922, 55, [B], 1282. 

® Buckton, Annalen, 1859, 112, 227,- Pfeiffer and Truskier, Ber., 1904, 37, 1125 ; 
Griittner and Krause, loc. dt. ; Cahours, loo. oil. 

® Lowig, Annahn, 1853, 88, 318; Klippel, JaAr^b,er., I860, p. 381; J, praht, Ohem., 
1860, [I], 81, 286. ^ ^ r 
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which crystallises in octahedra, insoluble in water, alcohol, or ether, and 
the nitrate, which is easily soluble in alcohol or ether. The following 
derivatives are also known : the carbonate, a crystalline powder, in- 
soluble in water, with difficulty in alcohol or ether ; the thiocyanate, 
which crystallises from ether, soluble in water or alcohol ; the cyanide, 
prisms from ether, insoluble in water, soluble in alcohol, decomposing 
with explosion and separation of metallic lead when heated ; the 
•phosphate, soluble in the above solvents ; the formate, acetate, butyrate, 
oxalate, and ditartrate, all of which arc easily soluble in water, alcohol, 
or ether. double salU of lead triethyl chloride are also known, 

PbEtgCl.IIgCl, and 2 PbEt 3 Cl.PtCl j, the latter being difficultly .soluble 
in water, but easily in alcohol or ether. The fluoride crystallises in 
prisms, daisity 2-48 at 1G° C., decomposing about 240° C. 

Lead tri-n-propyl chloride.^ — 'Twenty grams of n-propyl iodide 
in dry ether are treated with 2*7 grams of magnesium, and after the latter 
has dissolved, 2 grains of lead chloride are added in small portions, and 
the mixture boiled for two hours. After decomposition with water the 
ether layer is separated off, and dried over calcium chloride. Into the 
well-cooled ether solution, which now contains lead tetra-n-propyl, dry 
hydrogen chloride is passed, until a precipitate begins to appear. The 
ether is then separated off, and the residue dissolved in alcohol, and after 
taking this to dryness the residue is crystallised from alcohol or ligroin, 
when ilat, colourless needles are obtained, M.pt. 137° C. The compound 
is sparingly soluble in winter, more, soluble in alcohol, etlier, chloroform, 
ben/xnic, or ligroin. It docs not combine with pyridine, but when shaken 
with moist silver oxide, lead tri-^n-propyl hydroxide is obtained. The 
latter compound absorbs carbon dioxide from the air, and yields salts 
with acids. With hydrogen bromide the bromide is obtained, which 
crystallises in needles, M.pt. 82° C., and has tJie same solubility as the 
chloride. The sulphate, from sulphuric acid and the hydroxide, is easily 
soluble in water, but insoluble in the usual organic solvents. Its solu- 
tion in conceiiteated sulphuric acid soon becomes turbid, at the same 
time emitting numerous small bubbles. The compound decomposes 
when heated, before melting. The acetate crystallises in colourless 
needles, M.pt, 116° C., soluble in the usual organic solvents. The 
fluoride crystallises in bushy needles, density 1-56 at 18° C., exploding 
at about 235° C, 

Lead tri-n-butyl chloride is obtained from magnesium butyl 
iodide, and lead chloride, the product being treated with hydrogen 
chloride as above. It forms colourless, flat needles which melt to a clear 
liquid at 109° to 110° C., and have a .similar solubility to the propyl 
compound. The hydroxide is prepared by dissolving the^ chloride in 
aqueous alcohol and shaking with silver oxide. The solution in water 
has an alkaline reaction, and absorbs carbon dioxide from the air. 
When treated with hydrogen bromide a white precipitate of lead tri-n- 
butyl bromide separates, which may be recrystalUsed from ether or 
chloroform. 

Lead tri -isobutyl chloride ® meltsat 1 22° C, without decomposition? 
the bromide has M.pt. 107° to 108° C. ; the iodide forms yellow plates, 
which decompose when heated ; the fluoride forms prisms, decomposing 
at about 280° C. and having a density of 1*50 at 17° C. 

1 Pfeiffer, TrusMer, and Disselkamp, Ren, 1916, 49? 2445. 

* Grtittner and Krause, Rer., 1917, 50 , 278, 

VOL, XI. : I. 
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Lead tri -'isoamyl chloride.^ — This compound is stated to be 
crystalline, but no melting-point is given. The bromide sinters at 129° 
C. and melts at 132° to 133° C.; the iodide, which was originally obtained 
by heating sodium-lead alloy with isoamyl iodide, and treating the 
reaction product with iodine, crystallises in yellow plates, which arc 
insoluble in water, and with difficulty in alcohol or ether. It forms an 
addition product with mercuric iodide, Pb(C 5 Hn) 3 LHgIo. The free 
base, lead tn-isoamyl hydroxide, is prepared from the iodide by means of 
silver oxide. The fluoride forms long, colourless needles, density 1-46 
at 17° C., decomposing at about 251° C. 

Alkyl Derivatives of the Type R.^PbX,, 

Lead dimethyl dichloride,^ Pb(CH 3 ) 2 Cl 2 . — When lead tetra- 
alkyls are treated with halogen at —20° C. two alkyl groups arc re- 
moved, The dichloride is practically insoluble in most organic solvents, 
and has a strong acid reaction in warm water. The oxide dissolves in 
weak acids and in caustic alkalies. The sulphide is soluble in hydro- 
chloric acid or ammonium sulphide, insoluble in acetic acid, but the 
chromate is soluble in the latter. The dibromide has similar properties 
to the di chloride, and a di-iodide has also been prepared. 

Lead diethyl dichloride may be prepared as above or from lead 
diethyl diphenyl by the action of hydrochloric acid or by thallic chloride.® 
It crystallises from alcohol in pale yellow needles. The correspondiirg 
dibromide is prepared from lead diethyl diphenyl by the action of 
dry hydrogen bromide. It crystallises in glistening, yellow prisms, 
which become white on long standing in air, and arc decomposed by hot 
solvents. 

Lead di-n -propyl dichloride is more stable than most of the lead 
dialkyl dichlorides. In contact with water or alcohol at 30° C, it slowly 
splits off lead chloride, and when heated to 228° C, it decomposes. 

Lead di-isobutyl dichloride crystallises in white plates from hot 
alcohol, and the dibromide melts at 102° to 103° C, with decomposition. 

Lead di-isoamyl dichloride decomposes at 108° C., and the 
dibromide sinters at 93° C. 

Alkyl Derivative of the Type RjPbX'X", 

Lead di-isobutyl chlorobromide melts with sudden decomposition 
at 110° C. 



Alkyl Derivatives of the Type RR'PbXj,'^ 

Lead methyl ethyl dichloride. — Twenty grams of lead trimethyl 
ethyl in 100 c.c. of ethyl acetate are chlorinated at —75° C., whereby 
the monochloride is obtained. This on chlorination without cooling 
yields the dichloride in quantitative yield. It is fairly soluble in warm 
water and alcohol and crystallises on cooling in hair-fine needles, which 
are not so well formed as those of lead dimethyl or diethyl dichlorides, 

1 Klippcl, Jahresber., 1860, p. 381 ; Griittnor and Exause, Ber., 1917, 50, 278, 

^ Gruttner and Krause, Ber,, 1916, 49,- 1415. 

3 Holier and Pfeiffer, Ber., 1916, 49, 2441 ; Goddard and Goddard, Trans. Chem. 
Soc., 1922, 121, 482. 

* Gruttner and Krause, Ber., 1917, 50, 209, 
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In pyridine ov dimethylanilmc it dissolves with extraordinary ease, and 
heat is cvoh'ed. The pyridine addition product crystallises from 
alcohol in centimetre needles, hut lead chloride separates on keeping. 
The aqueous solution of lead methyl ethyl dichloridc has a feeble acid 
reaction, and the compound is ca.sily .soluble in potasshmi hydroxide, 
.sparingly in aunnonium hydroxide. Hydrogen or ammonium sulphides, 
IVom neutral, feebly alkaline, or very dilute acetic acid solutions, pre* 
eipitatc a. white mlyhidc, soluble in hydrochloric acid or cxee.ss of 
nnnnouinin sulphide. Potassium iodide solution gives a canary yellow 
di-iacUde, insoluble in acetic acid, easily soluble in hydrochloric acid. 
With potassium chromate a bright yellow chromate is formed, easily 
soluble in acetic acid. 

Lead ethyl isoamyl dichloride is obtained hi quantitative yield 
by chlorination of lead diethyl isoamyl cliloride. It crystallises in 
plates, .S])aringly soluble in water, insoluble in ether, ethyl acetate, or 
bcnv.ene. 

Lead n-propyl isobutyl dichloride occurs in shining plates. 

Lead n-propyl isoamyl dichloride is obtained from lead methyl n- 
propyl isoani}'! chloride, and crystallises from hot alcohol, in which it is 
easily soluble, in plates, insoluble in bciixene, ether, ethyl acetate, or 
waten*. The sulphide may lie obtained in the usual 'Way, and it is readily 
soluble in alcoholic ammonimn .sulphide, sparingly in aqueous annnonimn 
sulphide. 

Lead ethyl isobutyl dibromide forms a snow-white, fine powder, 
soluble in small quantities in warm alcohol. 

Lead n-propyl isobutyl dibromide crystallises from ether in 
glistening plates. The nulpkidc is pale yellow. 

Lead isobiityl isoamyl dibromide forms plates, M.pt. 95° C. 

Alkyl Derivatives of the Type RgPb.^ 

Lead triethyl, Et 3 Pb.—-Sixty-five grams of lead tri ethyl chloride, 
covered with 100 c.c. of distilled water, are treated with 40 c.c. of 5- 
Normal sodium hydroxide and the mixture stirred until solution is 
complete. Addition of 200 c.c. of 5-Normal sodium hydroxide pre- 
cipitates the. lead triethyl hydroxide, which is separated. Sixty grams 
of the latter in 200 c.c. of 95 per cent, alcohol are electrolysed with lead 
electrodes, using a current density of 0*01 amperes per sq. cm. Lead 
triethyl forms as an oil at the cathode. It is pale yellow in colour, 
density 1-94, and readily oxidised in air, giving a yellowish powder. 
It may be distilled in steam, and at 2 mm. pressure it boils at 100° C., 
but it decomposes when distilled at ordinary pressure. It is still liquid 
at — S0° C. In dilute solution it corresponds to the simple formula, 
EtgPb, but at higher concentrations exists as Et^Pba, this property 
being similar to that of the corresponding aryl compounds. 

Aryl Derivatives of the Type R 4 Pb. 

Lead tetraphenyl,Pb(C 6 H 6 ) 4 ‘-—™s body was first prepared ® from 
sodium-lead alloy, bromobenzene, and ethyl acetate by heating the 
mixture to boiling in an oil-bath for sixty hours. It is much more 

^ Midgley, Hoohwalt,]|[and Caliixgaert, J”. Aimr. Chem. Soc., 1923, 45, 1821. 

® Polls, 1887, 20, 716. 



340 



ORGANOMETALLIC COMPOUNDS. 



readily obtained by use of the Grignard reagent,^ the course of the 
reaction being represented as follows ; — 

2PbCl2+4C6H5MgBr=Pb+Pb(C6Hs)4+4MgClBr 
The following method of conducting the expei'imeiit is said to give a 
50 per cent, yield. ^ To the Grignard solution from 12-15 grams of 
magnesium, 78-5 grams of bromobenzene and 200 c.c. of anhydrous ether, 
400 c.c. of dry benzene are added, and 63 grams of hnel)^ di^dcled 
lead chloride in one lot. After boiling for eight hours, the whole i.s 
poured into hydrochloric acid containing ice, and then filtered. The 
solid lead tetraphenyl, etc., is boiled with 300 c.c. of benzene for a 
few minutes and then filtered, the cool filtrate yielding a crop of pure 
lead tetraphenyl. The crystals are removed and the filtrate used to 
make three further extractions of lead tetraphenyl. The benzene 
extraction liquor is then added to the ether-benzene layer which forms 
the filtrate when the Grignard reaction mixture is hydrolysed and 
filtered. Evaporation of these solvents yields 6 to 10 grams of lead 
tetraphenyl. The total yield is about 29 grams. 

Lead tetraphenyl crystallises in small, white needles, M.pt. 224° to 
225° C., which distil unchanged at about 240° C.® 

The body shows decomposition if heated above 270° C.^ and bums 
in air with a reddish flame and the separation of lead oxide. It Is 
moderately soluble in chloroform, benzene, or carbon bisulphide when 
hot, and ^fficultly soluble in alcohol, ether, ligroin, or acetic acid- If 
heated in a sealed tube with hydrochloric acid decomposition occurs, 
lead tetrachloride and benzene being produced. By the action of 
halogens or concentrated nitric acid two phenyl groups are split off, 
and a lead diphenyl dihalide or dinitrate formed. A similar action 
takes place with iodic acid, formic, acetic, trichloracetic, propionic, 
valeric, and p-nitrobenzoic acids.® With metallic chlorides the follow- 
ing derivatives are formed : arsenic trichloride — ^ lead diphenyl 
dichloride and diphenyl arsenious chloride ; antimony trichloride — ^ 
lead diphenyl dichloride and diphenylstibine chloride ,- antimony penta- 
chloride — lead diphenyl dichloride and diphenylstibine trichloride ; 
bismuth tribromide — lead diphenyl dichloride and diphenylchloro- 
bismuthine ; thallic cliloride — lead diphenyl dichloride and thallium 
diphenyl chloride ; ® tellurium tetrachloride — > lead diphenyl dichloride 
and tellurium diphenyl dichloride. 

Lead tetraphenyl ’ crystals have been shown to belong to the tetra- 
gonal system, the axial ratio, a: c==l ; 0-3808, the corresponding tin 
compound giving a : c=l -. 0-B8935, and silicon tetraphenyl, a:c = 
1 ; 0-43969, the three compounds being isomorphous, the \^alue of the 
principal axis decreasing with increase in atomic weight of the grouping 
element. 

Lead tetra-p-tolyl may be prepared by heating under reflux 120 
grams of p-bromotoluene, 300 grams of sodium-lead amalgam, 40 grams 
of toluene, and 4 c.c. of ethyl acetate for fifty hours in an oil-bath, 

1 Pfeiffer and Truskier, Ber., 1904, 37, 1125. 

^ Gilman and Roblnspn, J. Amer. Chem. Soc., 1927, 49, 2315. 

^ Zechmeister and Csabay, Ber., 1927, 60, [B], 1617. 

* Polis, Ber., 1887, zo, 716. 

® Goddard, Ashley, and Evans, Trans. Chem, Soc., 1922, izi, 978. 

® Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 266. 

’ Polis, loc. cit. 
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Aftei- subjecting’ this mixture to vacuum distillation, the residue is 
extracted with hot benzene, the solution on cooling depositing white 
needles, from which the ditolyl can be removed by treatment with 
alcohol. The colourless needles of the pure compound melt at 239° to 
240° C. to a liquid which decomposes at 254° C. It is more easily 
soluble than the coiTesponding phenyl compound in benzene, carbon 
bisulphide, or chloroform, and is difficultly soluble hi boiling alcohol. 
Lead tetrdbenzyl is not obtained by this reaction. 

Lead tetracyclohexyl, Pb(C 6 Hu) 4 .i — To a solution of 23 grams of 
magnesium cyclohexyl bromide in 100 grams of ether, 10 grams of 
dried lead chloride are added, the reaction going smoothly, <and finely 
divided lead separating out. After six hours’ boiling the mixture is 
decomposed by very dilute hydrochloric acid, the ether removed, and 
the residue triturated with absolute alcohol, quickly dried, and crystal- 
lised from benzene. The compound separates in canary yellow plates, 
which slowly decompose with separation of lead at 200° C., and if rapidly 
heated to 225° C. explode.- 

Lead tetra-p-xylyl, Pb[(CH 3 ) 2 CeIl 3 ] 4 . — This is isolated by treating 
the magnesium compoimcl from p-bromoxylene (0*04 mol.) with tri- 
p-xylyl lead bromide (0-01 mol.), The compound melts to a clear 
liquid at 255° C., but at 270° 0. decomposes with the separation of 
metallic lead. It crystallises from benzene in plates, and is easily 
soluble in chloroform, with difficulty in ether, and insoluble in alcohol.® 

Lead tetra -a -thienyl is prepared in the same way as the correspond- 
ing tin compound. Itmelts at 154-5° C. (corr.).^ 



Aryl Derivatives of the Type RgPbR'. 

The general method of preparation of these bodies is as follows : 
Fifty gram.s* of lead triphenyl bromide is added in small quantities, with 
continual shaking, to an ice-cooled solution of one and a half times the 
calculated quantity of magnesium aryl bromide, in 400 c.c. of ether. 
When the reaction ceases the product is boiled for one to two hours under 
relliix, then cooled and decomposed with aqueous ammonium chloride 
solution. The ether layer is separated off, dried, and after evaporation 
the residue is recrystallised from alcohol or alcohol -ether.® 

Lead triphenyl p-tolyl forms hair-fine needles, M.pt. 125-5° C., 
decomposing about 260° C. 

Lead triphenyl p-xylyl, Pb(C 6 ll 5 ) 3 .CgH 9 , crystallises from dilute 
alcohol in needles, M.pt. 125-5° C. It is easily soluble in ether, benzene, 
or chloroform, slightly so in cold alcohol, more readily in hot alcohol. 

Lead triphenyl m-xylyl crystallises from alcohol in star-like 
groups of rod-shaped crystals, M.pt. 111-5° to 112° C. 

Lead triphenyl p-phenetyl crystallises from alcohol in fine, white 
needles, M.pt. 119° to 120° C. 

^ Griittner, Rer., 1914, 47 , 3257. 

* This body has also been obtained by the interaction of lead trioyclohesyl bromide and 
magnesium cydobexyl bromide (Krause, Ren, 1921 , 54 , [B], 2066). Krause states that bis 
preparation became yello-w at 130“ 0., and blackened at 160°, and it crystallised in colour- 
less, rectangular plates, easily soluble in hot benzene, sparingly in alcohol. 

* Krause and Schmitz, Ren, 1919, $ 2 , [B], 2165. 

* Krause and Renwanz, Rer., 1927, 60 , [B], 1582. 

* Krause and Schmitz, Ber., 1919, 52 , [B], 2150. 
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Lead triphenyl cyclohexyl, Pb{C 6 H 5 ) 3 .CoHn, foiiiis flat lancets, 
M.pt. 119° C. 

Lead triphenyl a -naphthyl crystallises from liot alcohol in c-luir- 
acteristic Hat, yellow, warty tufts of needles, M.pt. 101° C., which arc 
easily soluble in ether, benzene, or chloroform. 

Lead triphenyl p-phenoxyphenyl forms microscopic white 
crystals, melting at 127° C. and decomposing at 260° C.^ 

Aryl Derivatives of the Type R^PbR'o. 

Lead diphenyl di -a -naphthyl, Pb(C 6 H 5 ) 2 (Ciot^ 7 ) 2 * — is ob- 
tained as a snow-white, granular, crystalline powder by the interaction 
of lead diphenyl dibromide and magnesium a-naphthyl bromide. The 
product melts at 197° C., lead separating at a higher temperatairc, and 
it is soluble in ether, benzene, or hot alcohol. It reacts with thallic 
chloride according to the equation - 

Pb(C6H5)2(C,oH,)2-hTlCl3==Pb(C6H5)XU-l-Tl(CioI-I,)aCl 

Lead diphenyl di-o-tolyl.^ — To a solution of 5-6 grams of o-bro mo- 
toluene and 0-8 gram of magnesium in dry ether, 5 grams of lead 
diphenyl iodide are slowly added. After the reaction has subsided, the 
mixture is heated for half an hour on the water-bath, cooled, and 25 c.c. 
of toluene added, the whole then being decomposed with dilute 
hydrochloric acid. The toluene-ether layer is separated, the solvents 
removed, and the residue subjected to steam distillation to^ remo\'e 
the last traces of toluene. An oil is obtained which soon solidilics to a 
yellow massi tliis when crystallised from alcohol appeals as white 
needles, sintering at 129° C., and melting at 134° to 135° C. It is readily 
soluble in cold chloroform and in hydrocarbons. 

Lead diphenyl dicyclohexyl may be prepared either by the inter- 
action of magnesium cyclohexyl bromide and lead diphenyl dibromidc or 
magnesium phenyl bromide and lead di cyclohexyl dibromide. It forms 
pale yellow needles, M.pt. 178° to 180° C., the yellow liquid soon de- 
positing metallic lead. The compound is soluble in alcoliol, benzene, 
carbon tetrachloride, or ethyl acetate.^ 

Lead diphenyl di-p-xylyl forms colourless, prismatic rods, M.pt. 
94° C., decomposing at about 250° C., easily soluble in benzene, chloro- 
form, or ether, sparingly in cold alcohol.^ 



Aryl Derivatives of the Type AlkjPbAr. 

The general equation for the preparation of this type of compound is 
as follows : — ® 

AlkgPb.Hal +Ar.Mg.Hal = AlkgPbAr. -t-Mg.IIalg 

The lead trialkyl aryls are colourless, oily, strongly refracting licj^uids, 
having a faint, characteristic odour. They are insoluble in water, but 

^ Kra-use and Schlottig, Ber., 1925, 58 , [B], 427. 

^ Goddard and Goddard, Trans, Ghem. Soc., 1922, I2i, 485. 

® Lederer, Ber., 1916, 49 , 349. 

* Griittner, Ber., 1914, 47 , 3257. 

® Krause and Schlottig, loc. cit. 

® Griittner and Griittner, Ber., 1918, 51 , 1293. 
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misdble with the usual organic solvents. Under a pressure of 13 to 
16 nnn. they boil without decomposition in a earbon dioxide atmosphere, 
the only exception being lead triethyl benzyl, which shows a separation 
ol dibenzyl. The compounds decompose at 200° C. with separation of 
lead and feeble explosion, burning with a reddish flame, and giving lead 
oxide. The trimethyl compounds are volatile in steam, and all the 
derivatives when treated with bromine in ethereal solution at —75° C. 
split off an alkyl or aryl group. 

The crude products are obtained from 0-2 mol. of lead trialkyl 
bromide, and 0-3 mol. of ethereal magnesium aryl halide, the mixture 
being boiled for several hours under rellux, then decomposed with water, 
the ethereal layer washed with 10 per cent, alkali, then sulphuric acid, 
and the ether distilled off. The bromination of these compounds at 
—75° C. is carried out by adding to an ethereal solution of the lead com- 
pound, a solution of bromine in the same solvent, until the colour of the 
bromine persists. Aryl bromide and lead trialkyl bromide result. In 
the case of lead triethyl benzyl, both an alkyl and a benzyl group are split 
off, thi>s being analogous to the action of bromine on lead alkyls con- 
taining a secondary alkyl group. A list of these compounds is given 
in Table XXIII. of the Appendix. 

Aryl Derivatives of the Ty-pe Alk 2 PbAr 2 . 

Lead diethyl diphenyl A — To the solution from 15 grams of ethyl 
bromide and 3 grams of magnesium in 200 c.c. of dry ether, 11 gr-ams of 
lead diphenyl bromide {obtained by the action of bromine on lead tetra- 
phcnyl) arc added, the mixture being well shaken. The whole is boiled 
ibr an hour, cooled in ice, and decomposed with dilute hydrochloric acid. 
The ethereal layer is dried over calcium chloride, the ether evaporated off, 
and the residue distilled in vacuo at 20 mm. It is a colourless, very 
strongly refractive liquid, which shows partial decomposition when 
distilled, metallic lead separating out. Yield about 5 grams. 

When ti-catcd with hydrochloric acid or chlorine, two phenyl gi-oups 
are split off, and with thallic chloride it reacts as follows ; — 

Pb(C2H5)a(CeH5)2+TlCl3=Pb(C2ll5)2Cl2+Tl(G6H,).2Cl 

The specimen of lead dietliyl diphenyl used in this reaction distilled at 
182° C. at 10 mm,^ 

Lead diethyl di-a-naphthyP crystallises from alcohol in white 
prisms, M-.pt. 116° C,, fairly soluble in ether. 

Aryl Derivatives of the Type RjPbX,^ 

Lead triphenyl chloride. — When the precipitate obtained by 
shaking lead triphenyl iodide with alcoholic caustic alkali is treated 
with 50 per cent, aqueous hydrochloric acid, a quantitative yield of the 
above chloride is produced. This crystallises from alcohol in snow- 
white needles, which sinter at 204° C. and melt at 206° C, It has the 
same solubility as the bromide, 

1 Moller and Pfeiffer, Ber., 1916, 49 , 2441. 

Goddard and Goddard, Trans. Ghem. Soc., 1922, 121 , 483. 

® Kjause and Scllmltz, Ber., 1919, 5 ^, [B], 2150, 

* Gruttner, Ber., 1918, 51 , 1298 ; Krause and Schmitz, loc. cit. 
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Lead triphenyl bromide. — To a, solution of 51*4 grams (0-1 mol.) 
of finely powdered lead tetraphenyl in one litre of pyridine, cooled to 
—50° C. by solid carbon dioxide, a similarly cooled solution of 0-2 mol. 
of bromine in 200 c.c. of pyridine is added, without rise of temperature. 
An orange-coloured product which at first appears, gi*adually dissolves, 
and after an hour the whole is allowed to rise to room temperature and 
stirred- After hltering off the residue the solution is concentrated at 
110° C. at 16 mm., a nearly colourless mass being obtained. Thi.s is 
triturated with 100 c.c. of methyl alcohol, 100 c.c. of 10 per cent, hydro- 
bromic acid added, the whole filtered, and washed free from acid by 
water. After further treatment with metliyl alcohol the product is 
practically pure, the yield being 90 per cent, of the theoretical. The 
compound crystallises from methyl alcohol in white, silky needles, 
sintering at 164° C. and melting to a clear liquid at 160° C., the latter 
slowly becoming turbid and lead bromide separating out. It is some- 
what soluble in hot ethyl alcohol, ether, or benzene, with difliculty in 
cold methyl alcohol or benzene, and insoluble in water. It dissolves in 
alcoholic sodium or potassium hydmxide, without forming a hydroxide. 
When rapidly heated it explodes, emitting a reddish light and depositing 
metallic lead. In tiie dry state it does not affect the mucous membrane 
of the nose to the same extent as tire lead alkyl halides. 

Lead triphenyl iodide.^ — If the mother-liquors of the above 
bromide be treated with potassium iodide, and the product obtained 
crystallised from water, the iodide separates in pale yellow prisms, 
which sinter at 139° C. and melt sharply at 142° C. to a canary yellow 
liquid, which soon deposits lead iodide. It is difficultly soluble in hot 
methyl alcohol, and insoluble in water, and is distinguished from all tile 
other lead aryl or alkyl iodides by its stability- It docs not appear to 
yield an oxide with alcoholic sodium or potassium hydroxide, but a 
white precipitate is thrown down, this yielding lead triphenyl chloride 
with 50 per cent, hydrochloric acid. 

Lead triphenyl fluoride forms fine needles, decomposing about 
318° a ; density 1-82 at 16-5° C. 

Lead triphenyl sulphide is obtained as a white, flocculent pre- 
cipitate by passing hydrogen sulphide into a concentrated alcoholic 
solution of the chloride. When freshly made it is remarkably soluble in 
organic solvents, and stable on heating. It is easily soluble in alcohol 
or ammonium sulphide, but not appreciably in water. 

Lead tri-p-tolyl fluoride — A solution of the corresponding 
iodide is mixed with an aqueous alcoholic solution of neutral potassium 
fluoride, the fluoride being precipitated as a micro-crystalline powder. 
It crystallises from much hot alcohol in hair-like needles, cleeompo.sing 
at about 280° C, 

Lead tri-p-tolyl iodide ^ is obtained by the action of iodine on 
lead tri-p-tolyl. It crystallises in pale yellow, prismatic spears, 2 to 3 
cm, long, melting at 115° C. to a clear yellow liquid, which decomposes 
at about 195° C. with separation of lead iodide. 

Lead tri-p-xylyl chloride. — Lead tri-p-xylyl is changed to the 
bromide, and this with potassium hydroxide yields the hydroxide, which 
is then treated with dilute hydrochloric acid. The chloride crystallises 

1 See Elrause and Relssaus, 5er., 1922, 55 , [B], 897. 

2 Krause and Pohland, JSer., 1922, 55 , [B], 1288. 

* Ejrause and Rclssaus, he. cit. 
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from alcohol in large, colourless, silvery, rectangular plates, M.pt. 
167-5° C,, decomposing about 195° C. 

Lead tri-p-xylyl bromide. When lead tri-p-xylyl is bromin* 
ated in pyridine solution at —70° C., simple addition of the halogen 
occurs. The componnd crystallises from hot alcohol in silvery, 
glistening plates, M,pt. 177° C., to a clear liquid. It is easily soluble in 
benzene, chlorofonn, or hot alcohol. (It should be noted that bromina- 
tion of lead tri*p*xylyl in chloroform solution at —10° C- yields lead 
di*p*xylyl dibromide.) 

Lead tricyclohexyl fluoride is obtained from the hydroxide by the 
action of hydrofluoric acid or from the iodide by neutral potassium 
fluoride. From hot alcohol small lancets are deposited, which decompose 
at about 198‘ 0.. Its density at 16-5°'"C. is 1-79. 

Lead tricydohexyl chloride. ^ — The hydroxide is treated with 
dilute hydrochloric acid and the product recrystallised from hot alcohol. 
It forms pale yellow, hair-like needles, decomposing at 236° C. 

The hromkle may be obtained in a similar manner or by direct 
brominatioii of lead tricydohexyl in chloroform solution at —10° C, 
It crj'stalliscs in yellow needles, decomposing at 210° C. 

The iodide forms glistening, golden yellow, thick prisms, a centi- 
metre in lengtli. It melts at 91-7° C. and decomposes at 125° C. It 
is very soluble in benzene or chloroform, fairly soluble in ether or hot 
alcohol, sparingly in cold alcohoL When shaken in benzene solution with 
30 per cent, potassium hydroxide it yields the hydroxide^ a white, amor- 
phous powder which has not been isolated in a crystalline fonn. 

Aryl Derivatives,- of the Type R 2 P^>^ 2 - 

Lead diphenyl dichloride, {(!eIl5)2PbCl.,.2 — This is obtained by 
])assiiig dry ehloriuc into a carbon bisailphiclc solution of lead tetra- 
plienyl and Warming the mixture, when a white precipitate appears, 
which is washed with carbon bisulphide to remove chlorobenzene- It 
may also be })rcparcd by heating lead tetraphenyl with the chlorides 
of arsenic or antimony, bismuth bromide, thalhc chloride or stannic 
chloride in xylene solution.'^ A third method consists in treating the 
corre.sponding dinitrate with potassium chloride. Lead diphenyl di- 
chloride is insoluble in alcohol or ether, slightly soluble in chloroform, 
benzene, or carbon bisulphide. It decomposes on melting, and when 
treated with silver nitrate the chlorine is removed, giving the dinitrate. 
With pyridine it forms a molecular compound (C6H5)2PbCl2-4C5H5N.^ 

Lead diphenyl dibromide .® — By treatment of the dinitrate with 
pota.ssium bromide, the dibromide is isolated as a white powder which 
decomposes on heating, but does not melt, and appears to be more 
soluble than the di-iodide. It may also be obtained by direct bromination 
of lead tetrapheiiyl in chloroform solution- The following addition com- 
pounds have been isolated, (CgH6)2PbBr2.4CsIl6N and (CeH 5 ) 2 PbBr 2 - 
2NHs. The latter is formed when ammonia is passed through a TJ-tube 

1 Krause and Schmitz, Ber., 1919, 52, [B], 2165. 

® Krause, Ber., 1921, 54> 2065. 

3 Polk, Ber., 1887, 20, 3331. ^ , 

^ Goddard, Ashley, aud Evans, Tram. Ohem. Soc., 1922, 121, 978 ; Goddard and 

Goddard, ibid., 1922, 121, 256. 

6 Pfeiffer, Truskier, and Disselkamp, Ber., 1916, 49, 2445. 

« Polls, Ber., 1887, 20, 716. 




346 



ORGANOMETALLIC COMPOUNDS. 



containing lead diphenyl dibromide, but by passing air over the com- 
pound the ammonia is split off again. 

Lead diphenyl di -iodide .-—Lead tetraphenylin chloroform solution 
is treated with a solution of iodine in the same solvent, until a pemianeiit 
colour of iodine remains. The solution on evaporation gives golden 
yellow needles of the iodide. The same result is obtained by the action 
of potassium iodide on lead diphenyl dinitrate. The compound melts at 
101° to 103° C., and is easily soluble in chloroform, alcohol, or benzene, 
When its alcoholic solution is treated with silver nitrate, silver iodide and 
lead diphenyl dinitrate are formed. 

Lead diphenyl dinitrate, Pb(C6H5)2{N03)2,2H20. — When lead 
tetraphenyl is added to a boiling solution of nitric acid (density 1*1), 
two phenyl groups are split off, and on cooling, the nitrate is deposited in 
small, glistening plates. These are purified by crystallisation from water 
containing nitric acid, the pure compound being fairly soluble in hot 
water or alcohol, and exploding on heating, without melting. When a 
hot aqueous solution of the nitrate is treated witli ammonia, a white 
precipitate of the basic nitrate is thrown down, Pb(CgH5)2(0H)N03. 
This also explodes without melting when heated, and by treating the 
normal nitrate with hot pyridine, and slowly cooling the solution, the 
following complex is deposited, Pb{C6H5)2(N03)2.4C5HjN. 

Lead diphenyl iodate ^ is a crystalline powder, formed by heating 
together lead tetraphenyl and iodic acid in xylene solution. It is in- 
soluble in the usual organic solvents. 

Lead diphenyl oxide may either be obtained by treating lead 
diphenyl halides with ethyl alcoholic potassium hydroxide ® ov 
adding a boiling solution of sodium hydroxide to a solution of lead 
diphenyl nitrate.^ The oxide is precipitated as a white powder, which 
does not melt, and volatilises without decomposition. It is strongly 
basic in character, and is insoluble in the usual organic solvents, also in 
sodium and potassium hydroxide. 

Basic lead diphenyl carbonate, [(C6H5)2Pb.0H]2C03. — The 
addition of sodium carbonate to a lead diphenyl salt solution causes the 
separation of this carbonate, which is a white, insoluble powder having 
no melting-point. 

Lead diphenyl diformate is deposited in small, colourless needles 
from the solution obtained by boiling lead tetraphenyl and formic acid 
in benzene. It melts with decomposition above 200° C. If the formic 
acid be replaced by acetic acid, lead diphenyl diacetate crystallises- out in 
white crystals, which are easily soluble in cold water or acetic acid. The 
compound thus obtained has the formula, Pb(C8Hs)2{C2H302)2.2H20, 
the water-free salt melting at 195° C. Using trichloracetic acid and xylene 
as a solvent, lead diphenyl trichloracetate^ is obtained, which softens 
at 170° to 175° C. and decomposes rapidly at 210° C. without melting. 
It has the following constitution, 2Ci6Hi(,0iCl6pb.C2H02Cl3. The 
following salts have also been obtained : Acid lead diphenyl propionate, 
melting to a clear liquid at 168° to 169° C., this decomposing at 230° to 
285° C. ; lead diphenyl divalerate, white needles, M.pt. 168° to 170° C. ; 
lead diphenyl oxalate, a white, crystalline powder, darkening at 280° C. 

^ Goddard, Ashley, and Evans, Trans. Chem. 80 &., 1922, 121 , 978. 

2 Zechmeister and Csabay, Ber., 1927, 60 , [B], 1617 

3 Polls, Ber., 1887, 20 , 716- 

« Goddard, Ashley, and Evans, loc. cU. 
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and decomposing rapidly at 293° to 295° C. ; lead diphenyl di-p-nitro- 
benzoate, small, pale yellow needles, darkening and melting at 256° C. 

Lead diphenyl dicyanide ^ is obtained by treating the di-iodidc in 
methyl alcohol saspension with silver cyanide. It decomposes at 
215° to 255° C. and is converted by dilute nitric and hydrochloric acids 
into the corresponding dinitrate and dichloiide. 

Basic lead diphenyl cyanide, Pb(C 6 H 5 ),OH.CN. 2 -—If the nitrate 
is treated with a solution of potassium cyanfde, this basic cyanide is 
precipitated as a white powder- It is insoluble in water, alcohol, or 
ether, and melts with decomposition. 

Lead diphenyl dithiocyanate. — Tins salt is readily obtained by 
mixing together aqueous solutions of lead diphenyl acetate and am- 
monium thiocyanate. It is a white powder, insoluble in water and 
the usual organic solvents, and is decomposed by silver nitrate, silver 
thiocyanate being deposited. The salt decomposes at its melting- 
point. 

Lead diphenyl sulphide, — ^VVhen an aqueous acetic acid solution 
of the abo^’e acetate is decomposed with hydrogen sulphide, a white, 
llocculent precipitate of the sulphide is obtained. By extracting this 
with alcohol-benzene, and evaporating off the solvent, small, bright 
yellow crystals are deposited- It is essential that the reaction should be 
carried out in the cold, since the sulphide is decom])osed by heat. The 
compound becomes brown when heated from 80° to 90° C-, and at higher 
temperatures diphenyl is driven off, and pure lead sulphide remains. 
'Hie salt is easily soluble in benzene, chloroform, or carbon bisulphide, 
but with dilliculty in alcohol or ether. 

Lead diphenyl chromate separates as a bright yellow, crystalline 
precipitate, when potassium dichromate is added to lead diphenyl 
dinitrate. It is insoluble in water or alcohol. 

Lead diphenyl phosphate is isolated in the same way as the 
chromate, using sodium phosphate. It is a white, crystalline powder, 
which docs not melt, and is insoluble in the usual organic solvents. 

Lead di-p-tolyl dichloride.^ — ^Tliis is a white powder, prepared 
as the foregoing phenyl compound. It is moderately soluble in chloro- 
form, carbon tetrachloride, or benzene ; insoluble in alcohol or ether ; 
by tiic action of alcoholic silver nitrate the chlorine may be re- 
moved. Lead di~p4olyl dibromide is formed by the action of bromine 
on the tetra-tolyl compound. It decomposes on melting, and has a 
similar solubility to the chloride. The di~iodide is a yellow compound, 
readily soluble in carbon bisulphide. 

Lead di-p-tolyl dinitrate crystallises in fine white needles, having 
3 mols. of water of crystallisation, It is soluble in water, with difhculty 
in alcohol, and explodes on heating. When boiled with water, or when 
its nitric acid solution is precipitated with ammonia, a basic nitrate is 
obtained, Pb(C 7 H 7 ) 2 (OH)N 03 - This is a white, amorphous powder 
which does not melt, and feebly explodes on heating. 

Lead di-p-tolyl diformate, formed by the action of formic add 
on lead tetra-p-tolyl, crystallises from aqueous formic acid in shining, 
white needles, which decompose and blacken at 233° C. The diacetate, 
Pb(C 7 H 7 ) 2 (C 2 H 302 ) 2 , 2 H 20 , which crystallises in fine needles, is not as 

1 Zechmeister and Csabay, Ber., 1927, 6o, [B], 1617. 

2 Polls, Ber., 1887, 20 , 716. 

® Polls, ibii., 1888, 21 , 3424. 
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soluble as the corresponding phenyl compound, and the water free of 
salt melts without decomposition at 183-5° C- 

Lead di-p-tolyl sulphide. — ^When hydrogen sulphide is passed 
into a solution of the above diacetate, the sulphide is deposited as a 
pale yellow precipitate. It is washed with hydrogen sulphide water, 
dried in vacuo, and recrystallised from alcohol-benzene. When heated 
to 90° C, it turns brown, at 98° C. it blackens, and at higher temperatures 
gives di-p-tolyl and lead sulphide. It is decomposed by light, and is very 
soluble in benzene, carbon bisulphide, or chloroform, with diflicnlty in 
alcohol or ether- 

Lead di-p-tolyl chromate is precipitated as a yeWow powaler 
when potassium dichromate reacts with lead di-p-tolyl diacetatc. 

Lead di-p-xylyl dibromide ^ is obtained by the bromination of 
lead tri-p-xylyl in chloroform solution at —10° C. It crystalli.scs from 
chloroform in colourless, glistening rods which are difficultly soluble 
in ether, and insoluble in alcohol. It melts about 120° C., decomposing 
with the separation of lead bromide. 

Lead dicyclohexyl dichloride ^ is isolated (a) by passing hydro- 
chloric acid gas into a suspension of lead tetracyclohexyl in chloroform, 
or (b) by treating the latter chloroform suspension at 0° C, vnth the 
calculated quantity of chlorine in carbon tetrachloride. It forms pale 
yellow needles, which become reddish brown at 150° C. and decompose 
with the deposition of lead at 180° C. 

The corresponding dibromide is prepared (a) by the bromination of 
the tetracyclohexyl compound, or (b) by passing hydrobromic acid gas 
into a benzene solution of the tetra-compouud. It is isolated in pale 
yellow needles, which become orange at 100° C., almost white at 160° C., 
'and deposit lead suddenly at 225° C.^ The di~iodide forms orange needles, 
which decompose at 100° C. and are readily soluble in hot benzene, with 
difficulty in hot alcoiioL It may also be prepared by treating lead 
tricyclohexyl iodide with a solution of iodine in benzene.'^ 

Lead dicyclohexyl sulphide — (i) When hydrogen sulphide is 
passed into a pyridine solution of the chloride or bromide (not the iodide ), 
addition of alcohol precipitates the sulphide. (2) By passing hydrogen 
sulphide into a pyridine solution of lead tetracyclohexyl, kept at —10° C., 
the sulphide is also precipitated. The compound is washed with icc-cold 
alcohol, and dried in vacuo over phosphorus pentoxide. It is a pale 
yellow powder which crystallises from dilute pyridine in microscopic 
plates, these blackening without melting slightly above 100° C. 

The action of nitric acid on lead tetracyclohexyl does not lead to the 
production of the corresponding nitrate, but gives lead nitrate. Silver 
nitrate on lead dicyclohexyl dihalides yields silver halide, and a reddish- 
brown precipitate which contains silver, and is probably a silver deriv- 
ative of cyclohexane. 

Aryl Derivatives of the Types RaPb. and RgPb. 

Lead di phenyl. ^ — The preparation is carried out in a wide-necked, 
round -bottomed Jena flask, fitted with a stopper containing five holes, 

1 Krause and Schmitz, Ber., 1919, 52 , [B], 2165- 
® Gruttner, B&r., 1914, 48 , 3267. 

® Krause gives the decomposition point about 142® C. 

^ Krause, Ber., 1921, 54 , [B], 2065- 
® Krause and Reissaus, Ber., 1922, [B], 55 , 888 . 



® Gruttner, loc. cit. 
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used as follows: (1) For carrying stirrer. (2), For introducing lead 
chloride and magnesium compound. (3) For passing in nitrogen. (4) For 
thermometer. (5) For condenser. 

Into this apparatus the magnesium compound from 50 grams of 
bromobenzeue in 400 c.c. of ether is introduced, and the whole cooled 
ill ice. With vigorous stimng and in a nitrogen atmosphere, 44 grams 
of lead chloride arc added during three*quarters of an hour, in portion.s 
of not more than 0-3 gram, the temperature being maintained at -|-2° C. 
The ethereal solution becomes reddish brown, and the stirring is main- 
tained for two hours, the temperature being kept at 0° C. The mass is 
then decomposed by small pieces of ice, and shaken with benzene in a 
funnel filled with nitrogen. The benzene solution is evaporated under 
reduced pressure in a nitrogen atmosphere to about 50 c.c. Any lead 
triphenyi which may have been formed crystallises out at this stage 
and is iiltered off. When the blue-red filtrate is added dropwise to 
alcohol, the lead diphenyl separates out, is dissolved many times in 
a little benzene and fractionally precipitated by alcohol. Yield 2 
to 3 grains. 

The compound in the dry state is an intense bluish-red, amorjihous 
powder, fairly soluble in benzene or ether, insoluble in alcohol. Its 
licnzene solution reduce.s alcoholic silv'cr nitrate, giving a deep black 
precipitate of silver. It decomposes at about 100° C., becoming colour- 
less ; changes to pale yellow* at 120° C.., melts above 200° C., but does 
not blacken at 260° C. 

A better yield is obtained if the reaction be carried out in benzene 
instead of ether solution. 

When a benzene solution of lead diphenyl is treated with an ethereal 
solution of magnesium phenyl bromide and boiled for a few minutes, 
black metallic lead separates out. The ma.ss is decomposed with water, 
the solvent layer evaporated, and the residue when treated with benzene 
gives a good yield of lead triphenyl. 

Lead di-p-tolyl is prepared in a similar way to the phenyl com- 
pound, 30 grams of p-bromotoluene give 2 grams of product. It has 
the same properties and reactions as the phenyl derivative. 

Lead triphenyl. — The apparatus used for this and the following 
experiments is the same as for lead diphenyl. To the magnesium com- 
pound from 50 grams of bromobcuzene in 250 c.c. of ether, 40 grams of 
lead chloride, in half-gram quantities, are slowly added. The reaction 
is carried out in nitrogen and the mixture vigorously stirred. The 
ethereal solution changes through brownish red to yellow, and after the 
addition of the lead chloride the stirring is maintained for three hours. 
The mass is decomposed by small pieces of ice, the ether removed under 
reduced pressure, and the residue filtered and washed with water and 
three times with alcohol, then dried at the ordinary temperature in vacuo 
over phosphorus pentoxide. The dry product is extracted with hot 
benzene, from which glistening rhomboidal crystals separate, containing 
1 mol. of benzene of crystallisation. It crystallises from chloroform, in 
plates. Yield 17*5 grams, 40 per cent. It commences to decompose at 
155° C. and melts at 225° C. It may be converted to lead tetraphenyl 
(1) by heating alone, (2) by heating its benzene solutmn on a boiling 
water-bath, (3) by heating the pyridine solution at 60° to 65° C. Its 
solution in benzene is converted by an aqueous alcoholic solution of 
iodine into lead triphenyl iodide, but with a dilute solution of iodine in 
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beii 2 ;ene, lead diphenyl di-iodide and lead iodide are formed, the former 
only in small quantity. 

Lead tri-o-tolyl crystallises from benzene or chlorofomi in micro- 
scopic rhombic crj^^stals, from which lead separates at 240° C., and at 
250° C. a black liquid is obtained. It slowly decomposes alcoholic silver 
nitrate solutions when warmed, but has no action in the cold. 

Lead tri-p-tolyl is formed by the same method as the phenyl com- 
pound. It crystallises from benzene on the addition of alcohol in 
six-sided plates, from chloroform in rhombohedrat containinij chloroform 
of ciystalHsation, these being efflorescent in the. air. It commences to 
decompose at 193° C. and melts at *240° C. A cooled benzene solution 
gives a greenish precipitate with alcohohe silver nitrate, which quickly 
blackens as the temperature rises, but if a very low temperature is 
maintained the green colour remains. When heated alone or boiled 
in benzene solution it yields lead tetra-p-tolyl. In contrast to lead tri- 
p-xylyl and lead tricyclohexyl, it is converted by bromine in freezing 
pyridine into lead bromide and lead tetra-p-tolyi, which jx)hits to the 
possible existence in pyridine solution of the equilibrium : 

2Pb{C,H,)3lzi:;Pb(C7H,),+Pb(C,n,)2 

When the benzene solution is ti'eated with aqueous alcoholic iodine solu- 
tion, lead tri-p-tolyl iodide is formed. 

Lead tri-m-xylyl.^^ — ^To a solution of 20-55 grams of p-bro mo- 
xylene and 3-12 grams of magnesium in 100 c.c. of ether, 11-6 gram.s of 
lead chloride are added in small quantities, and the mixture boiled for 
five hours. Metallic lead soon commences to separate out and the 
colour of the solution changes from brownish red to green. The mixture 
is decomposed with water, filtered, and the dry residue extracted with 
benzene. Evaporation of the solvent gives 2-5 grams of a very pale 
yellow, crystalKne powder. After crystallising from, acetone, then three 
times from benzene, it melts sharply at 233-5° C. with the separation of 
metallic lead. It is soluble in chloroform or toluene, slightly soluble in 
acetone, light petroleum, or pyridine. Its solutions precipitate silver 
oxide from alcoholic silver nitrate. When its benzene solution is treated 
witli thallic chloride it yields thallous chloride and lead di-m-xylyl 
dichloride. 

Lead tri-p.^xylyl2 sinters at 220° C„ and melts with decom- 
position at 225° C. It is easily soluble in hot benzene or chloroform, 
sparingly in cold benzene or ether, and insoluble in methyl or ethyl 
alcohol. Its benzene solutions when exposed to air arc unchanged, but 
in sunlight quickly deposit a white precipitate. In the dry state the 
compound is stable in air. Bromination at —40° C. produces lead 
tri-p-xylyl bromide, but at —10° C. lead di-p-xylyl dibromide is formed. 

Lead tricyclohexyl ® crystallises in bright yellow, thin, hexagonal 
plates, decomposing at 195° C. It is readily affected by light, the 
solid substance quickly becoming brown, and the benzene solution 
yielding a white precipitate in diffused light or a brown precipitate in 
direct sunlight- The benzene solution is not stable in the dark, and it 
reduces alcoholic silver nitrate in the usual way. When boiled with 
ammonium sulphide, lead sulphide is formed. A .solution of iodine in 

^ Goddard, Trans. CJimx. Soc„ 1923, 123, 1171. 

2 Krause and Schmitz, Bar., 1919, 52, [B], 2167 ; Krause and Reissaus, loc. cU. 

* Krause, Ber., 1921, 54, [B], 2060. 
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benzene when added to a benzene solution of lead trieyclohexyl yidds 
lead trieyclohexyl iodide. 

Jrijl Derivative}! of the Tijpes ArgAlkPbX; AraAi-TbX. 

Lead diphenyl methyl bromide ^ is obtained by the bromination 
of lead triphonyl methyl, as an oily product, which is pressed on a porous 
plate and rccrystallised from bcnzene^alcohol. It forms glistening 
needles, ^Lpt. lls° C., dceoiiiposing with frothing at 124° C, 

Lead diphenyl ethyl bromide fonns colourless, glistening, pris- 
matic needles, M.pt. 119° C., decomposing with gas evolution at 130° to 
135° C. It is very easily soluble in benzene or chloroform, readily in 
ether, spaiingly in cold alcohol. 

Lead diphenyl p-xylyl bromide is prepared by brominathig lead 
diphenyl di-]nxylyl, and the crude product is best recrystallised from 
about 80 ]ier cent, alcohol. It crystallises in bushy groups of plates, 
M.pt. 90° C., dccomixtsing at 200° C. With phenyl magnesium bromide 
it yields lead triphenyl p-xylyl. 

Lead diphenyl cyclohexyl bromide occurs as fine groups of 
prismatic iK'cdles, M.pt. 135° C., dccompo.sing at 160° C, Phenyl mag- 
nc.simn bromide com'crtsit to lead triphenyl cyclohexyl. 

^In/I Derivatives of the Types Av^Vh Aik ; Ar,Ar'PbAlk ; 

Ar.ArTbAlkX.2 

Lead triphenyl methyl is prepared from lead triphcnyl bromide 
and an excess of methyl magnesium halide. It crystallises from benzene 
in rhomboidal crystals, M.pt. G0° C., becoming turbid at 220° C. and 
decomposing at 200° C. In benzene or chloroform it is very soluble, 
lcs.s .soluble in ether, sparingly in cold 94 per cent, alcohol. Alcoholic 
silver nitrate from an alcohol solution of the lead compound precipitates 
yellow silver phenyl-silver nitrate. 

Lead triphenyl ethyl,^ obtained as above, is a solid, M.pt. 42° C., 
giving a colourless, highly refractive liquid ; density 1-5885 at 61° C. ; 
tina 1-02628 at 61° C. ; SRn,, 22-29. 

Lead diphenyl cyclohexyl methyl is isolated from pure lead 
diphenyl cyclohexyl bromide and an excess of methyl magnesium 
bromide. It is a liquid at ordinary temperatures, miscible with most 
organic solvents and aqueous alcohol. When brominated it is con- 
verted into lead phenyl cyclohexyl method bromide. 

Lead phenyl cyclohexyl methyl bromide, obtained as just 
described, is susceptible to light and temperature. It may be crystal- 
lised from benzene, provided the temperature is kept below 70° C., 
small, star-shaped groups of prisms being deposited, which melt with 
complete decomposition at 93° to 94° C. 

Heterocyclic Systems containing Lead.^ 

By the action of lead diethyl chloride on the magnesium compound 

^ Krause and Schlottig, Bep, 1925, 58 , [BJ, 427. 

^ Krause and Schlottig, ibid. 

® Krause and Schmitz, Ben, 1919, 52 , [B], 2150. 

* Griitfcner and Krause, Ben, 1916, 49 , 2666. 
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of 1 : 5-dibronnopeiitane, lead diethyl cyclopentamethyleuc Is ob- 
tained : 

Et\ XH, CHav 

>Pb< “ >CHo 

Et/ CH/ 

Like the tin compound, this substance is analogous to the cyelohexanes 
in wliich a carbon atom is replaced by quadrivalent lead. Molecular 
weight detenninations point to the simple formula, CgHjoPb. It ha.s 
previously been shown that halogens split off alkyl groups from lead 
tetra-alkyls, when the reaction is carried out in dilute solution at ^-75° C. 
In the case of lead diethylcyclopentamethylene two possibilities occur, 
either a splitting off of the ethyl group and the formation of lead 
ethylcyclopentamethylene monohalide, or the partial scission of the 
ring witlr the formation of lead diethyl-5-halogen-amyl halide. 



Et\ /Br 

>< 



Et 



CH2.(CHa)3.CHaBr 



It is found by experiment that the reaction takes the latter course, and 
that the yields are quantitative. The characteristic is emphasised, that 
when we have a smooth addition of halogen, the splitting off of halogen 
hydrocarbons talces place, which is always noticed in the halogenisation 
of lead alkyls. In the preceding compound the carbon-bound halogen 
atom may be directly precipitated by silver nitrate, whilst the lead-bound 
halogen is not. By the action of magnesium ethyl bromide lead tri- 
ethyl -5-halogen amyl is obtained : 



Etv /Et 

>Pb< 

Et/ XH,,.(CHa)3.CH2Br 



Its halogen is not directly precipitated by silver nitrate, but with 
magnesium powder in ethereal solution it forms the magnesium com- 
pound in 60 per cent, yield. 

By the action of chlorine on lead diethylcyclopentamethylene, lead 
diethyl- 5-chloroamyl chloride is formed, and this by the action of 
chlorine at low temperatures has two etliyl groups replaced by chlorine, 
whilst the substituted amyl group remains attached to the lead atom. 
This is in accordance with the observed fact that the halogen alway.s 
splits off the lightest group first. The compound thus obtained, lead 
ethyl-5’chloroamyl dichloride, has two clilorine atoms precipitable by 
silver nitrate and not one. By the energetic action of chlorine on lead 
diethylcyclopentamethylene, lead halide, ethyl halide, and dihalogeii 
pentane are obtained, showing that the pentamethylene ring has re- 
mained intact. The lead compound in some respects resembles the lead 
tetra-alkyls. 

Lead diethylcyclopentamethylene, Et 2 Pb<(CIIg) 5 . — To the mag- 
nesium compound from 100 grams of 1 : 5-dibromopentane (or 65 grams 
of 1 : 5-diehloropentane) iu 500 c.c. of ether, 50 grams of lead diethyl 
dichloride are added in small portions, the whole being maintained 
at 0° C., vigorously stirred, and a stream of nitrogen passed through. 
After the addition the mass is warmed on the water-bath for fifteen 
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minutes, decomposed with water, the ether layer removed, washed, 
dried, and the solvent distilled off. A colourless oil remains, and this is 
fractionated in a stream of hydrogen under reduced pressure. The 
fraction, 100° to 130° C. at 13 mm., is worked down to 109° to 114° C. at 
13 mm., and tins yields 40 grams of pureproduct, B.pt. 111° C. at 13 mm. 
It is a thill, colourless oil, having an odour resembling ketones. It is in* 
soluble in water, sparingly soluble in 90 per cent, alcohol, but miscible 
with absolute alcohol and most organic solvents. Neutral silver nitrate 
is reduced in the cold, and when placed on iilter paper it inflames and 
burns briskly, giviirg lunies of lead oxide. With exclusion of air it may 
be kept for a month, hut in contact with air it is slowly oxidised, giving 
a brown resin. 

Lead diethyl -5 -bromoamyl bromide, 

/(CILJs.Br 

Et,Pb< 

\Br 



The above compound is brominated at —75° C. in ethereal solution, and 
the product fractionated after drying. It is a thick, colourless oil. 

Lead triethyI-5-bromoamyl, Et3Pb(GH,)gBr. — The preceding 
bromide is shaken with magnesium ethyl bromide and boiled for five 
minutes. Treatment in the usual manner gives an oil, B.pt. 166-8° C. 
at 13 mni. Yield quantitative. It is a colourless, thin oil, having an 
odour rcseinbihig the lead alkyls, and is completely stable in air. Treat- 
ment with magnesium powder yields lead tiiethyl n-amyl, a compound 
wliieli may also be obtained from magnesium n-amyl bromide and lead 
trietiiyl bromide. Lead triethyl n-amyl is a colourless oil of faint, un- 
pleasant smell, B.pt. 121° C. at 15 mm. 

Lead ethyl-5-chloroamyl dichloride. 



hlt.Pb< 



^CL 



Lead diethylcyclopeutamethylene is chlorinated at —75° C. in ethyl 
acetate solution. A crystalline powder is obtained which is washed 
with ether and recrystallised from a little alcohol. It crystallises in 
shining needles, insoluble in ether. 

1 : 5-Bis-trimethylpIumbyl-n-pentane, Me 3 Pb.(CH 2)5 PbMe 3 . 
- — The magnesium compound from 1 ; 5-dichloro pentane is caused to 
react with lead trimethyl bromide in ethereal solution, the reaction being 
completed by an hour’s warming on the water-bath. The excess of lead 
trimethyl bromide is removed by .shaking the mass with 20 per cent. 
potassium hydroxide and dilute sulphuric add. Tine ethereal solution 
is then evaporated and the residual oil fractionated under reduced 
pressure. The pure product is a colourless oil. B.pt. 166-5° C. at 
14 mm. 

Table XXIV. of the Appendix shows the physical constants of the 
above compounds. 
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TABLE I.— PHYSICAL CONSTANTS OF ZINC DIALKYLS. 



1 

Compound. 


Boiling- 
point. 
°C. - 


Density 


iK 


< 

1 

r 

\ 

Density j 


nH <. 

a 


nDi. 


, 

nHo*— nH 

P 0 . 


Molecular Refraction. 


Atomic Refraction of 
Zinc. 


t°. 


At 

mm. 


Di (vac.). 


D^< (vac.).| 


H , 

a 


D. 


^ a 


H . 

a 


D. 


fi a 


Zinc diethyl . 


16 


9-5 


8-0 


1-2452 


8 


1-245 


1-49382 


. • 


0-02052 


28-8472 


• . 


1-01Q2 


8-271 2 


, * 


0-6832 


Zinc ethyl n-propyl 


27 


10 


18-5 


1-1558 


17 


1-1572 


1-48511 


148913 


0-01416 


34-054 


34-293 


0-843 


8-880 


9-004 


0-445 


Zinc di -n-propyl 


48 


10 


20-2 


1-1034 


18-6 


1-1049 


1-48030 


1-48452 


0-01399 


38-967 


39-259 


0-966 


9-196 


9-352 


0-497 


Zinc ethyl isobutyl 


48 


11 


16-6 


1-0861 


16-6 


1-0861 


147142 


1-47507 


0-01327 


39-013 


39-272 


0-937 


9-242 


9-365 


0-469 


Zinc n-propyl iso- 
butyl ® 


52 


9 


17-0 


1-0465 


15-9 


1-0476 


1-46601 


1-46966 


0-01269 


43-759 


44-053 


1-020 


9-391 


9-529 


0-480 


Zinc di-isobutyl 


55 


10 


16-5 


1-0080 


16-0 


1-0085 


1-45698 


1-46034 


0-01183 


48-474 


48-782 


1-080 


9-508 


9-640 


0471 


Zinc isopropyl iso- 
amyl 


84 


11 


18-1 


1-0058 


16-0 


1-0078 


1-46601 


1-46937 


0-01162 


53-187 


53-517 


1-135 


9-623 


9-757 


0455 


Zinc di-isoamyl 


102 


10 


19-0 


0-9939 


17-0 


0-9958 


1-46690 


147045 


0-01141 


57-826 


68-203 


1-209 


9-663 


9-825 


0460 



*■ t — t'emperature at which the refractions were measured, and the next column gives the recalculated densities for this temperature. 

^ Yalues after Gladstone, Tram. Chem. Soc., 1896, 59 , 293, 296 ; the values for the molecular refraction, etc,, were calculated from the Lorentz. 
Lorenz formula. 

8 For zinc n-propyl isobutyl the values for nH., were also made, 148628, MRn-, 45-386, ARay 10-169. 
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TABLE II.--PHYSICAL CONSTANTS OF CADMIUM DIALKYLS, 



Compound. 


M.pt. 


B.pt. 

° C. 


Density 




nn. 




DLH ♦ 


Molecular 

Weight. 


^ C. 


(vacuum). 






9 


Pound. 


(Calc.). 


Cadmium dimethyl 


—4-5 


105-5/758 


mm. 


1-9846 


1-57766 


1-58488 


1-60381 


“C 

1-62053 at 17-9 


146 


142 


Cadmium diethyl . 


— 21 


64/19-5 


}} 


1,6564 


1*56152 


1-56798 


1 -58447 


1-59887 „ 18-1 


210 


170 


Cadmium di - n - 
propyl 


— 83 


84/21 




1-4201 


1-52412 


1-52906 


1 -54267 


1-55452 ,, 17-6 


208 


199 


Cadmium di - n * 
butyl 


— 48 


103-5/12-5 




1-3056 


1-51100 


1-51546 


1-52762 


1-53793 „ 19-5 


235 


227 


Cadmium di*iso* 
butyl 


— 37 


90-5/20 




D.i® 1-2693 
* 


1 '49528 


1-49966 


1-51160 


1-52173 „ 18-0 


250 


227 


Cadmium di*iso- 
amyl 


— 115 


121-5/15 


9 3 


D4I® 1-2210 


1-49967 


1-50389 


1-51470 


1-52412 „ 19-0 




• • 
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TABLE III.— ATOMIC REFRACTION AND DISPERSION OF CADMIUM DIALKYLS. 



Compound. 




XRd- ) XA*. _ a- 
1 




MRh„. 


MRd. 


MAv-a. 


MAp — o* 


ARh^' 


ARj). 


AAy — a* 


— a* 


Cadmium dimethyl . 


16>70 


16-88 


1-01 


0-62 


23-78 


24-04 


1-44 


0-89 


12-40 


12-61 


1-15 


0-70 


Cadmium diethyl 


19>57 


19 '75 


1-06 


0-66 


33-36 


33-68 


1-81 


1-12 


12-78 


13‘00 


1-30 


0-79 


Cadmium di-n-propyl 


21-55 


21-72 


0-04 


0-64 


42-78 


43-12 


2-06 


1-26 


13-00 


13-21 


1-32 


0-80 


Cadmium di-n-butyl 


22-95 


23-11 


1-01 


0-63 


51-97 


52-35 


2-28 


1-41 


13-01 


13-21 


1-32 


0-81 


Cadmium di*isoamyl 


22-99 


23-16 


1-03 


0-64 


52*08 


52-46 


2-33 


1-44 


13-10 


13-32 


1-37 


0-84 


Cadmium di-isobutyl 


24-07 


24-25 


0-99 


0-61 


61-27 


61-71 


2*52 


1-55 


13-11 


13-33 


1-33 


0-80 



The deduced atomic refraction and dispersion of cadmium is as follows : — 

ARho[= 13‘06 j ARd=13‘27 j AAy — a=l‘34; AA^—a— 0‘81. 

Looking at the periodic system, cadmium has a high atomic refraction, mercury in mercury diethyl having the value 
ARHa=12‘81, and zinc in zinc diethyl ARHa=8-29. The figures agree, however, with the higher boiling-point values. 
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TABLE IV.— INTERACTION OF THALLIC CHLORIDE 
WITH ORGANOMETALLIC COMPOUNDS, 



Compounds Reacting with 
Thallic Chloride. 



Mercury dl-n-pi‘opyl 
Mercury di -isoamyl. 

Tin tetraethyl 
Tin dimethyl diethyl 

Tin trlethyl chloride 
Tin trlethyl iodide . 

Lead tetraethyl 
Lead triethyl methyl 
Lead trlethyl chloride 
Mercury diphenyl . 
Mercury dibenzyl . 
Mercury ethyl benzyl 

Tin tetraphenyl 

Lead tetraphenyl . 

Lead tri-m-xylyl 
Lead diethyl diphenyl 
Lead diphenyl di-a-naph- 
thyl .... 
Triphenylphosphine 

Triphenylarslne 

Tri-m-, tri-p-xylylarsine . 
Trlphenylstibine 
Trl-m-xylylstibine . 
Trlphenylblsmuthine 
Trl-p- tolyl-, trl- a-naphthy 1. 
bismuthine 



Products of Rmction, 



ii'Propylmel'cuiic chloride, tlialloUs oliloride. 
Isoamylmercuiic olilondo, tluiUoiis chloride. 

Thallium diethyl chloride, tin diethyl diclil<ii'id<>. 

Thallium diethyl chloride, tin dimethyl dicliloride^ thiill. 
ous chloride. 

Tin diethyl dlchlolidc, thallous chloride, ethyl chloride. 
Tin diethyl dichloiide, thallium, iodine, io<line mono- 
chloride. 

Lead diethyl dichlorlde, tliaUous ehlorido, butane. 

Lead triethyl chloride, thallous ehloildc, inothyi chloride 
Lead diethyl dichloride, thallous chloride, ethyl clilorlde. 
Thallium diphenyl chloride, mercuiic chloride. 
Benzylmercm’ic cldoride, thallous chloride. 

Ethylmercurlo chloride, ben/.yliilercurlc chloride, thallous 
chloride. 

Thallium diphenyl chloride, tin tiiphenyl chloride, tin 
diphenyl hydroxyclilorlde, hydroohlorhi acid. 

Thallium diphenyl cliloride, load clipheliyi dhdiloritle. 
Lead di-m-xylyl dichloiide, thallous (diloiidc. 

Thallium diphenyl cliloiide, lead diethyl dichloiide. 
Thallium di-a- naphthyl chloride, lead diphenyl clichloridc. 

Triphenylphosphine, thallous chloride, cliloriue. 

1 (a) In the cold. Thallous clilorid<>, pheiiylansciiioiiH 
dichloride. 

(6) Hot. Triphcnylarsiiie dichloridc, tlialliilin diphenyl 
chloride, thallous chloride. 

ThaUouschloride,ni,xylylandp-xylylavseiiious dichlorides. 
Trlphenylstibine dicllloride, thallous chloride. 
Tri-m-xylylstibine dichloride, thallous chloride. 

Thallium diphenyl chloride, diphenylchlorobismuthiiic. 
Thallium di-;^tolyl chloride, dx-p-tolylchlorobismnthino • 
thallium di-a-naphthyl chloride, ^-a-naphthykIih>ro- 
blamutliine. 





TABLE V.— SHOWING GRADUATION IN MELTING- AND BOILING-POINTS 

OF COMPOUNDS FROM GROUP IV. 



SiMe^, 

B.pt 121° to 126° 0. 


GeMe,, 

B.pt 43-4° C. 


SalMe^, 

B.pt. 76° to 77° C. 


PbMe^, 

B.pt. 110° C. 


B.pt. 151° to 154:^ a 


GeEt*, 

B.pt. 163-5° C. 


SnEt^, 

B.pt. 175° C. 


PbEtj, 

B.pt. 91° to 92° C./19 mm. 


SiPh^ 

M.pt. 233° to 234° a 


GePh„ 

M.pt.226°(230°to23l°C.). 


SnPh., 

M.pt. 224° to 225° C. 


PbPh„ 

ll.pt. 224° to 225° C. 


PhjSiBr, 

M.pt. 118° to 120° C. 


PltjGeBr, 

M.pt, 138° C. 


PhjSnBr, 

M.pt. 120-5° C. 


PhsPbBr, 

M.pt. 166° C. 


PhjSiCaa, 

B.pt. 230° to 237° C./90 min. 




PhgSnCla, 

M.pt. 42° C. 


Ph^PbCla, 

Decomp. ; no M.pt. 


PhaSlSiPh,, 
M.pt. 364° C. 


PhgGe.GePIig, 
M.pt. 340° C. 


PlijSn.SnPhs, 
M.pt 237° C. 




MegSi<(CHs)5, 

B.pt. 133° to 134° C./752-9 mm. 




Et2Sn<(CHj)5, 

B.i>t. 96° C./14 mm. 


Et2Pb<c(GIIo)5, 

B.pt. in'" C./15 mm. 


H0(SlPh2.0)3SiPh2.0H, 
M.pt. 128-5° C. 


HOCGePhj.OjaGePhj.OH, 
M.pt. 149° C. 






^^SIP h 2. 0. SiPh 2"^ 
^^SiPh2.0.SiPh2-^^’ 
M.pt. 201° a 


^^-GePhg. O.GoPhgvs.,,^^ 
^^GePh2.0.GePli2>‘^' 
M.pt. 218° C. 






Me.SiOOH, 
No M.pt. 




Me.SnOOH, 
No M.pt. 




{Ph3Sl)20, 

M.pt. 222° C. 


(PhaGejgO, 

M.pt. 182° to 183° C. 


-- 


-- 


• • 


.. 


PhjSn, 

M.pt. 229° to 232° C. 


PbsPb, 

M.pt. 226° C. 
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TABLE VL— REFRAGTIVITIES OF SOME SILICON 
COMPOUNDS OF THE TYPE AlkgSi.Ar. 



Substance. 


Mh„. 


dM. 


Mh|3— 




(C2H5)3SiCeH,Cl . 


68*35 


68-82 


1-628 


2-628 


(C,Hs)3SiC6H,Br , 


71-79 


72-30 


1-780 


2*878 


(C3H5)3SiCeH4l . 


78-30 


78-91 


2-1-19 


3-438 


{n-C3H,)3SiC3H,Cl 


82*65 


83-19 


1*807 


3*026 



By subtracting from these values the atomic equivalents of carbon, 
hydrogen, and halogen, the atomic refraction of the silicon in the 
compounds is as follows : — 



Substance. 


Slir . 


SId. 


Siu^-ir„. 




(C3Hs)3SiCeH3 . 


7*f>2 


7-59 


0*31 


0-53 


(C2H5)3SiCeH,Cl . 


7*60 


7-74 


0-423 


0*685 


(C,H,)3SiC,H,B, . 


8-22 


8-32 


0-4C19 


0-702 


(C3Hs)3SiC3HJ . 


0-78 


9-89 


0-A37 


0*949 


(Ti-C3H,),SiC,,H,Cl 


8-15 


8*26 


0-431 


0-696 



[See Bygdfo, Ber„ 1915, 90, 243.] 




TABLE VIA,— PHYSICAL CONSTANTS OF SOME ORGANOSILICON COMPOUNDS. 



No. 1 

j 


CompoTinds. 


Boihng-polnt. 

. 


Density. 


nu„. 


m. 


UUj3- 


nuy. 


° C. 


4 

1 


p-Br.C.H4.Si(0CHs)3 • 


■ 136“ C./13-0 mm. 


D41S-S 1.3625 ; 


1-3493 


1-50791 


1-51210 


1-62296 




16-5 


2 


p-Br. 06 H 4 .Si( 0 CaH 5 )s . 


149-150° C./12 mm. 


jC^ie.4 1.2276 ; D 420 


1-2244 


1-48872 


1-49247 


1-60206 


. 4 


15-4 


3 


p- Br.OeB[ 4 .Si(OCaE [,)8 


* 175-176° C./14 mm. 


1-5464 ; 


1-1553 


1-48144 


1-48497 


1-49386 


1-50129 


16-6 


4 


p-Br.C 6 H 4 .Si( 0 -i-C 4 Hg)g . 


' 190-191° C./14 mm. 


1-0949 ; D 42 ® 


1-0923 


1-47631 


1-47865 


1-48698 


1-49424 


14-9 


6 


(C 2 Hs)aSi.C«H 4 .CH( 0 H).CHg . 


! 173-174“ C./14-5 mm. 


D41B-5 0-9601 ; D 420 


0-959G 


1-51404 


1-51822 


1-52885 


1-53810 


17-2 


6 


(C 2 H 6 ) 3 Si.C«H 4 .CH( 0 H).CHg.CH 3 


! 185° C./16-0 mm. 


D417-0 0-9603 ; D.^o 


0-9575 


1-51243 


1-51661 


1-52734 


4 4 


18-0 


7 


(CoH 5 ) 8 Si.CaH 4 .CH( 0 H).CH,.CH,.CHV 199-201° C./21 mm. 


D 4 I 4 0-954G ; 


0-9491 


1-50373 


1-50754 


1-51737 


4 4 


4 . 


8 


<C 2 HB) 3 Si.CeH 4 .CH( 0 H).CH{CH 3 ), 


, 190-192° C./18 mm. 


D.i’-s 0-9535 ; D 420 


0-9512 


1-50820 


1-51212 


1-52231 


4 , 


19-2 


9 


(C 3 H 5 ) 8 Si. 0 H 


1 70-5° C./16-6 mm. 


Dii®-’ 0-8650 ; D 420 


0-8647 


1-43393 


1-43639 


1-44228 


1-44675 


16-5 


10 


p-{03H3)3Si.CeH4.Sia3 . 


i 173-176° C./13-5 mm. 


♦ 4 . 




* * 


, J 


4 , 


. 4 


. . 


11 


(C3H6)3Si.C«H4.Si(C2H3)3 


1 195-196° C./16-5 mm. 


D.”'® 0-8989 D 420 


0-8967 


1-60555 


1-50942 


1-51945 


1-52788 


15-7 


12 


{C 3 H 3 ) 3 SiBr .... 


■ 66-5° C./24 mm. 


D 420 


1-1766 


1-46402 


1-46705 


1-47447 


1-48074 


15-7 


13 


CeHj.p-CaHg.Br.SlClg . 


1 199-200° C./14 mm. 


1-5019; D 420 


1-5005 


1-60294 


1-60921 


1-62531 


1-63953 


19-0 


14 


C 6 H 3 .p.C 6 H 4 Br.Si( 0 C 2 Hs )2 . 


{ 201° C./17 mm. 


1 ) 421.5 P2474 ; D 420 


1-2488 


1-54626 


1-55031 


1-56322 


1-67467 


19-0 


15 


[C 6 H 6 .p-C 6 H 4 Br.Si( 0 C 2 H 3)]20 . 


j 317-318° C./20 mm. 


D 422 1-3350; I) JO 


1-3369 


1-57867 


1-58437 


1-59895 


1-61146 


18-6 


16 




1 203-203-6° C./13-5 mm. 


D 4 i»-’ 1-2156 ; D 4 *“ 


1-2153 


1-57794 


1-58351 


1-59781 


1-61035 


17-9 


17 


C6H3(C6H4.C3H3)S1(C3H3)2 . 


' 169-170° C./14 mm. 


D 4 i»-“ 0-9840 ; D 420 


0-9831 


1-55716 


1-56225 


1-57559 


1-58713 


16-8 


18 


(C,JI,},SLCe3^.C^3s . 


i 117-118^ C./18 mm. 

! 


DJo-2 0-8969 ; Djo 


0-8950 


1-50272 


1-50671 


1-31697 


1-52583 


20-7 



Compounds 1-4 are of type CeE 4 Br.Si(OB,) 3 , and are obtained by tbe interaction of p-bromophenyl silicon tricbloride and alcohols. Nos. 
5-8 are prepared by treating the magnesium compound from p-bromophenyltriethylsilicane with acetaldehyde and higher aldehydes, and are of the 
type Si(C 2 H 5 )g.C 6 H 4 .CHR.OH. Compound 9 occurs in good yield when compound 5 is heated with fuming hydrochloric acid in a sealed tube at 90° C. 
The magnesium compound of p-bromophenyltriethylsilicane condenses with silicon tetrachloride to form trlchloro-p-triethylsilylphenylsilicane (10), 
which yields bis-p-triethylsilyltenzene (11) when treated with ma^eslum ethyl bromide. Magnesium p-bromophenyl bromide and phenyl silicon 
trichloride give phenyl-p-bromophenyl silicon dichlorlde (13), which is converted by alcohol into (14) and (15). 



w 

Oi 
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ORGANOJMETALLIC COMPOUNDS. 



TABLE VII.— CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIPHENYLSILICANEDIOL. 



System, anorthic. Sub-'class, holohedral. 

a : b : c =0-5657 : 1 : 1-700. 
a=90°2'; 20' ; y=87° 27'. 

Forms developed; b (010), m (110), n (llo), c (001), t (013), v (Il(5). 



Tablf. of Angle.s. 



Faces. 


No. of 
Measure- 
ments. 


Angle Limits. 


Mean 

Value. 


Calculated 

Value. 


010 : 110 


16 


62° 2'-65°33' 


64° 28' 




110 : no 


16 


53° 10'-55° 52' 


55° 40' 


, . 


ITO : OlO 


15 


59° 34'-61° 37' 


60° 51' 


60° 57' 


010 : 001 


22 


89° 52'-90° 30' 


90° 11' 


, » 


no : 001 


26 


70° 28'~-71° 16' 


70° 55' 


70° 56' 


no ; 001 


26 


70° 49'-71° 57' 


71° 19' 


4 


010 : 013 


3 


58° 20'-61° 40' 


60° 31' 


* * 


■ no : 013 


1 


59° 25' 


59° 25' 


60° 1' 


no : 013 


1 


88° 38' 


88° 38' 


87° 51' 



The crystals are prismatic in habit. Of the piism faces b, ni and jn, 
b and /x are well developed, whilst m is bnt a small face. The angle.s- of 
the prism zone, namely bm=64° 23', mp.=55° 40', jab=-60° 57', all 
approximate to 60° and give the crystals a pseudo-hcxagonal character. 
The crystals are terminated by three planes at each end- The.se arc 
c (001), t (013), and V (Il6). The face c (001) is quite large, whilst t and v 
are tiny bevels on the edges cb and c/x' respectively, 'The faces t and v 
are very bad ones, particularly the latter, from which no trustworthy 
measurements can be obtained. The faces as a whole are very bad 
from a goniometrical point of view, as may be seen from the range of the 
angles in the preceding. 
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TABLE VIII,— CRYSTALLOGRAPHIC MEASUREMENTS 
OF ANHYDROBISDIPHENYLSILICANEDIOL. 



System, anorthic. Sub-class, holohedral. 
a : b : c=0-6536 t 1 : 1-868, 
a=02° 28'; j8=115° 40'; y=86° 24', 

FoTm.s developed : b (010), m (110), (jl (ITO), c (001), q (Oil), s (Tl4), 



Table of Angles. 



Paces. 


No. of 
Measui-e- 
meute. 


Angle Limits. 


Mean 

Vahie. 


Calculated 

Value, 


010 : no 


10 


61° 5'-62° 1' 


61° 36' 


• > 


no -. iXo 


10 


60° 10'-61° 33' 


60° 58' 




llo : 010 


10 


56° 40'-57° 56' 


57 ° 26' 


57° 26' 


010 : on 


20 


29° 52'-30° 42' 


30° 22' 




110 -. on 


24 


52° l8'-.53° 14' 


52° 49' 


52° 53' 


iTO : on 


24 


105° 44'-] 06° 39' 


106° 8' 


106° 14' 


010 : 001 


18 


88° 38'- 89° 29' 


89° 4' 


89° 0' 


110 : 001 


20 


66° 41 '-67° 25' 


67° 3' 


* , 


llo : 001 


20 


08° 2 6 '-68° 44' 


68° 37' 


69° 8' 


on : 001 


11 


58° 8'-59° 9' 


58° 88' 


, 4 


110 : 1T2 


24 


142° 43'-143° 19' 


143° 1' 


143° 21' 


010 : II2 


24 


119° 5'- 119° 55' 


119° 31' 


119° 22' 


no : 112 


24 


105° 22'-106° 38' 


106° 1' 


106° n' 



The forms b, m, and ju. constitute a prism zone ; the forms b and m 
arc large and ju, small. The angles of the prism zone are : bm=61° 36', 
ni jtx— 60° 58', fjL b' =57'° 26', They all approach the value 60°, and so the 
crystals are pseudo-hexagonal. Of the three terminal forms, c (001) is 
much the largest, q and s being small faces on the edges b c and m' c 
respectively. 
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ORG.^OMETALLIO COMPOUNDS. 



TABLE IX.— CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIANHYDROTRISDIPHENYLSILICANEDIOL. 

System, anorthic. Sub-class, holohedraL 
a : b ; c=0-5068 : 1 : 1-491. 

Forms developed ; b (010), m (110), p. (IIO), c (001), r (012), (x (1 14). 

Table op Angles. 



Paces. 


No. of 
Measul-c- 
ruent'S. 


Angle Limits. 


Mean 

Value. 


Calculated 

Value. 


010 


110 


6 


66° 42'-67° 21' 


66° 58' 




110 


110 


7 


51° 4'-52° 4' 


51° 39' 




llo 


olo 


10 


60° .f'-61° 53' 


61° 32' 


61° 23' 


010 


001 


16 


89° 7'-90° 51' 


90° 19' 


. • 


110 


001 


8 


74° 9'-74° 55' 


74° 35' 


74° 34' 


llo 


001 


15 


74° 16'-75° 28' 


75° 1' 


* » 


010 


012 


1 


54° 42' 


54° 42' 


. 


110 ; 012 


1 


63° 11' 


63° 11' 


63° 11' 


llo : 012 


1 


94° 50' • 


94° 50' 


93° 54' 


010 : Il4 


3 


67° 34'- 69° 11' 


68° 36' 


69° 25' 


110 : 114 


3 ■ 


120° 28'-124° 2' 


122° 47‘ 


120° 57' 


110 ; 114 


3 


103° 44'-105° 14' 


104° 27' 


103° 0' 



The dominant forms are b (010), (lIO), and c (001), Many ci*ystals 
are simply four-sided prisms terminated by c planes. The prism face m 
is often missing, and when present it is only small. The face r (012) was 
present on one crystal only. The form jx (Tl4) was only developed on 
two crystals, and even then the faces were very poor ones, This accounts 
for divergence between the calculated and measured angle.s. The 
crystals may be described as short, stumpy prisms. The prism angles 
show some approach to hexagonal development: bm=0C° 58’, 

mp,=51° 39', jab' ^61° 32'. 

If in the crj^stals of dipheiiylsilicanediol (see Table VII.) t is given 
the indices (011) instead of (013), then v will become (Il2) instead of 
(116). The remaining indices would be unchanged. The axial ratios 
would now be 0-5657 : 1 : 0-5666 instead of 0-5657 : 1 : 1 -700. 

Similarly if in the crystals of dianhydrotrisdiphenylsilicanediol r is 
made (011) instead of (012), then [x would be (112) instead of (Il4), and 
the remaining indices would be unaltered. The axial ratios would be 
0-5068 : 1 .- 0-7455 instead of 0-5068 : 1 : 1-491. 

To bring the axial ratios of the crystals of anhydrobisdiphenyi- 
silicanediol into line, q would have to be made (031) instead of (Oil), 
and the ratios would then be 0-6536 : 1 : 0-6227 instead of 
0-6536 : 1 : 1-868. The indices of s (Il2) would then become (3S2), 
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TABLE X.- CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIPHENYLSILICANEDIOL. 



Systwii, orthorhombic. Siib*class, bisphenoidal. 
a : b : C--0-7750 : 1 ; 0-4993, 

Forms developed u (100), b (OlO), m (110), p (111). 



Table of Angles. 



Pacos. 


No. of 
Moaauro- 
mciits. 


Angle Limits. 


Mean 

Value, 


Calculated 

Value. 


no : OU) 


10 


89° 50 '-90° 7' 


90° 0' 


90° 0' 


100 .- 1 10 


If) 


37° 21-38° 12' 


37° 48' 


37° 48' 


010 : no 


19 


51° r>5'-52° 29' 


52° 12' 




100 : in 


17 


59° 54'-60° 17' 


60° 7' 


60° 3' 


010 : 111 


18 


06° 58'-67° 27' 


67° 14' 


, 4 


no : in 


16 


50° 34'-51° 13' 


50° 48^' 


50° 50' 


m ; m 


8 


78° 8'-78° 29' 


78° 15' 


78° 23' 


no ; m 


12 


80° 30'-81° 27' 


81° 3' 


80° 57' 



The crystals occur in two well-marked habits. One of these is 
prismatic, a and b being large faces, whilst the ni faces are small. In 
tdher <-ases the crystals arc markedly tetrahedral 
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ORGAJSTOMETALLIC COMPOUNDS- 



TABLE XI-— CRYSTALLOGRAPHIC MEASUREMENTS O 
TETRA-ANHYDROTETRAKISDIPHENYLSILICANEDIOL. 

System, anorthic. Sub-class, JiolohedraL 
a : b : c=0-5614 : 1 : 0-5770. 
a=83° 56'; j8 = 103° 52'; y=06° 44'. 

Forms observed : a {100}, b (01 0}, c {001}, m {110}, q {Oil}, y {120}. 

Table oe Angles. 



Paces. 


No. of 
Measure- 
ments. 


Angle Limits. 


Mean 

Value. 


Calculatod 

Value. 


010 : 110 


4 


56° 23'--57° 16' 


56° 56' 


57° GV 


110 : 100 


3 


27° 13'-27° 48' 


27° 30' 


27° 25' 


100 : ISO 


10 


50° 32'-50° 46' 


50° 38' 




120 : 010 


6 


44° 46'-44° 59' 


44° 50|' 




010 : 001 


8 


94° 26'-94° 53' 


94° 37' 




110 -. 001 


6 


80° 39'-8l° 57' 


81° 8' 


80° 58' 


100 : 001 


11 


76° 31 '-76° 47' 


76° 41' 




120 : 001 


12 


76° 29'-77° 18' 


76° 54i' 


76° 571-' 


010 : Oil 


• • 


» * 


« • 


64° 8' 


110 : Oil 


1 


65° 27' 


65° 27' 




100 : Oil 


1 


74° 38' 


74° 38' 


75° 9’ 


120 : Oil 


1 


98° 31' 


98° 31' 


99° 3' 



The crystals are flat, almost square, plates, the pinacoid a {100} Ijeiii^^ 
predominant, and the forms b {010} and c {001} being developed along the 
edges of the plates. 
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TABLE XII.— CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIBENZYLSILICANEDIOL. 

Sy.stcm, oblique. Sub-class, holohedeol. 
a ; h •. e-2-7-07 : 1 : 1*643 ; ^=91° 38b 
Forms developed : a '100], c {001}, m {110}, s {101}, t {lOl}. 

T.S.BI-E OF Angles. 



1 

Faces. 


No. of 
Measure- 
ments. 


Angle Limits. 


Mean 

Value. 


Calculated 

Value. 


100 : 101 


9 


59*’ 20'-60° 11' 


59° 43' 


.59° 29' 


101 ; 001 


0 


25 ^ 14'-26° 1-3' 


25° 38' 


2-5° 53' 


100 : 001 


9 


85'" 2'-85'" 40' 


85° 22' 




001 : TOl 


11 


27° 2'-28'" 4<' 


27° 38' 


27° 47' 


TOl : loo 


9 


66° 31 '-67° 4' 


66° 51' 




100 .-110 


23 


70° 0'-70° 36' 


70° 14' 


70° 16' 


101 ; no 


33 


80° 0'-80° 33' 


80° 15' 


80° 3' 


no *. Tio 


16 


39° 1 1 '-30° 43' 


39° 28' 


• w 


001 : no 


Pi 


88° 1.3'- 88° 54/ 


88° 30' 


88° 27' 


loi : no 


47 


90° 59'-97° 58' 


07° 33' 


97° 38' 



The crystals arc pri.smatio in habit, being elongated in a direction 
perpendicular to the diad axis- The m faces in general are much 
larger than the a face.s. 



TABLE Xm— PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE RgSiiR'. 



Comijound- 


Boilmg.point. 

°C. 


Density. 


Refractive Index. 


HH,,. 


ni). 






I’in triothyl ii.propyl 
'J7n triothyl isobutyl 
Tin triothyl isoaniyl 
Tin ethyl tri - n - 
propyl 

lln ethyl tri-isobutyl 
Tin tri.n-propyl isb- 
bntyl . 

Tin tri-lsobutyl iso- 
amyl . 


82/13 mm. 
96*5/17 „ 

111/18 „ 

117*5/23 „ 

125/16 „ 

128/18 „ 

152-9/16*5 „ 


lYo-e 1.1640 

lVo-3 1*239(> 
1^8.6 1-1203 

D *1*8 1*1226 
D/i 1*0779 

D/**i 1-0841 

1*0356 


1*46936 

1*46977 

1*46917 

147053 

1*47063 

1*46929 

1-46851 


1*47273 

1*47304 

1*47243 

1*47374 

1*47371 

1*47246 

1*47174 


1*48108 

1*48132 

1*48060 

1*48197 

1-48167 

1*48042 

1-47984 


° C. 

1-48816, at 20*6 
1*48826, „ 20*3 
1*48739, „ 18-6 

1-48890, „ 21*8 
1-48830, „ 21 

1-48711, „ 24*1 

1*48575, „ 26 8 



VOL. XI. ; I. 



24 










370 



ORGAKOMETALLIC COMPOUNDS. 



TABLE XIV.— PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE RjSnR^. 



Compound. 


BoUing-point. 

°C. 


. Density. 




Refractive Index, 




no- 


nu^. 




Tin dimethyl di -iso- 
butyl 


85/16 mm. 


M179 


1-46037 


1 -40354 


1-47J65 


O 

1-47851, nt 20-1 


Tin diethyl di-iso- 










1-48846, „ 20-4 


butyl 


108-2/13 „ 


D^so-U-lOSO 


1-47030 


1-47301 


1-18167 


Tin diethyl di-iso- 












amyl . 


131/13-5 „ 


1-0725 


1-46957 


1-47268 


1-48040 


1-48694, „ 19 



TABLE XV.— PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE RsjR'SnX. 



Compound. 


Boiling-point. 

°C. 


Density. 




Refractive Index. 


nn„. 


ni). 




bn,- 


Tin diethyl-n-pro- 
pyl chloride 


108/17 mm. 


D4i5-7 1>3848 


1-50207 


1-60580 


1-51524 


°a 

1-52322, at 15-7 


Tin diethyl Isoamyl 
chloride . 


125-5-126-5/13 „ 


1-2994 


1-49443 


1-49805 


1-60687 


1-51443, „ 19-0 


Tin diethyl n-propyl 
bromide . 


112-2/16 „ 


1-5910 


1-51759 


1-52177 


1-53232 


1-64129, „ 21-0 


Tin diethyl Isobutyl 
bromide . 


122/17 „ 


IV®*” 1-5108 


1-51194 


1-51686 


1-50609 


1-53464, „ 20-0 


Tin diethyl isoamyl 
bromide . 


137-5/17 „ 


D4i'^-o 1-4881 


1-51521 


1-51651 


1-52653 


1-53503, „ 17-0 


Tin ethyl di-lsobutyl 
bromide . 


130-6/13 „ 


D/8-6 1-4086 


1-50462 


1-50837 


1-51799 


1-52609, „ 19-5 


Tin ethyl di-isoamyl 
bromide . , 


154-155/16 „ 


D4*0'® 1-3650 


1-50263 


1-60631 


1-51562 


1 '52347, „ 20-0 















TABLE XVI .—PHYSICAL CONSTANTS OF SOME TIN ALKYLS, 



M.W. 


1 

Oom|K)tmd. 


SLpt. 

°C. 


i 

B.pt„ i 
°C. i 
13 mm. i 


235-2 


Ett tetraethyl 


! -112 


78 


249-2 


En triethjl ’ii'propyl 


.. 


82 


291-2 


En tetra-n-propji . 




116 


241-6 


triethyl chloride 


1 -f 15-5 


94 


283*7 


En M-n-propyl chloride. - ' 


: -- 23-5 


193 


326-7 


En ttl 4so)aropyl chloride . ! 


; ri- lS-0 


142 


367-8 


Tin tri-ifloamyl chloride . . ! 


; -4- 30-2 


174 


286-0 


Tin taiethyl bromide . . ■ 


^ - 13-5 


97 


328-1 


En tripropyl bromide . . j 


‘ - 49 

i 


I 133 


370-1 


Tin tri-isobulyl bromide . 


: — 26-5 


148 


412-2 


Tin tri-isoamyl bromide . 


! + 21 


177 


291*0 


Tin trimethyl iodide 


+ 3-4 


71 


333-0 


Tin. trietliyl iodide 


- 84-5 


117 


375-1 


Tin tri-n-propyl iodide > 


j -53 


141 


417-1 


En tri-isopropyl iodide . 


I 

J 


151 


469-2 


Tin tri-iKjamyl iodide 


1 - 22 


182 


336-9 


En diethyl dibromide 


1 




402*8 


En dimethyl di-iodide . 






438-7 


Tin tetrabromide , 


. . 


• t 


261-2 


Tin triethyl ethylate 


- - 


82 



Kffractive Index. 



Density. 



'IJSO.J 

D^*« 

’D/» 

liss.t 

D*®s-- 

D*0 

IV® 

D/3 



I'lm 
1 I(Md 
l‘iO(w 

him 

1-26T8 

MS26 
M290 ! 
1 0530 
1-4263 
1-3523 

1*2613 
1-1216 



1-8255 



D,®i 
D^so.i 
D 2Z.2 

D 30.7 

D^33.3 

D^22.4 

D^37-8 

'X>^23-3 



1-5960 

1-4378 

1- 3777 

2- 0680 

2- 8582 

3- 3602 

1-2394 



n.{ 



1-46897 

1-46936 

1-47126 

1-45826 

1-50172 

1-49114 

1-48754 

1-48439 

1-4823.5 

] -47714 

1-52370 

1-50263 

1-50103 

1-49175 

1-49426 

1-56632 

1-55996 

1-55933 

1-53609 

1-53190 

1-51784 

1-51358 

1-51184 

1-5507 

1-68079 

1-65891 

1-64979 

1-46227 



iiij. 



1-47243 

1-47273 

1-47448 

l-4(i‘144 

0- 50553 

1- 49102 
1-4B774 
1-48564 
1-48040 
1-52812 
1-60655 
1-50460 
1-49540 
1-49783 
1-57238 
1-56586 
1 -56486 
1-54082 
1-63673 
1-82221 
1-51768 

1 -5567 
1-69056 
1-66762 
1 -65850 
1-46553 



IlH. 



1-48099 

1-lKlOS 

1-48200 

1-46939 

1-51.310 

1-50442 

1-49976 

1-49648 

1-49402 

1-48825 

1-53900 

1-51(520 

1-51395 

1-50461 

1-50849 

1-58811 

1-58145 

1-57882 

1- 55311 

2- 54884 
1-53324 
1-52820 

l-ook 

1-71680 

1-69087 

1-68142 

1-47382 



UK. 



1-48826, 

1-48816, 

1-48936, 

1-47007, 

1-52332, 

1-50707, 

1-51)372, 

1-500.98, 

1-49496, 

1-54840, 

1-52437, 

1-52185, 

1-51246, 

1-513S2, 

1*60169, 

1-59097, 

1-563d8, 

1-55927, 

1-34284, 

1-53726, 

1-53540, 

1-5S08, 

1-71^7, 

1-70247, 

1-48076, 



lit 19 - 7 = a 

„ 20-6’ C. 
„ 20-2’ C. 
,. 50-8= C. 
„ 23-3* C. 
„ 43= C. 

„ 28 = 0 . 

33- 4° C. 

24- 8'- C. 

34- 2° C. 
20= C. 

25- 2° 0. 
20= C. 
41-6° C. 
20-7° C. 
28° C. 
39° a 
17-5° C. 
21 ° 0 . 
30-4° C. 

22-2° C. 

26- 5° C. 
30-7° C. 
74° C. 
39-3° C. 
22-4° C. 
37-8° C. 
28-3° C. 



CO 

-a 
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TABLE XVII.— PHYSICAL CONSTANTS OF TIN ALKYLS OF THE TYPE RgSn.SnRg, 



Compound. 


Boiling-point. 


Density. 




Refractive Index. 


na„. 


no. 


na^. 


ns- 


Hexaethyl-distaimane 


161° C./23 mm. 


D/7-8 1-3795 


1-53224 


1-53738 


1-55065 


1-56210, at 17-8° C. 


Hexa-n-propyl-distarmane 


143-6° C./15 


D 4 I 9-5 1-2436 . 


1-52112 


1-52583 


1-53773 


1-54806, „ 19-5° C. 


Hexa-isobutyl-distannane 


179° C./18-5 


D 459 1.1330 


1-49706 


1-50128 


1-51191 


1-52120, „ 59° C. 


Syra - tetraethyl - dipropyh 
distaimane 


165-8° C./16 „ 


D 4 I 6-5 1.3346 


1-53042 


1-53540 


1-54822 


1-55945, „ 16-5° C. 


Sym-tetraethyl-di-isobutyL 

distaimane 


179° C,/lo-5 „ 


1-2919 


1-52108 


1-52571 


1-53772 


1-54815, „ 19-8° C. 



-X- 



372 ORGANOMETALLIC COMPOUNDS. 




TABLE XVIIL—PHYSIGAL CONSTANTS OF HETEROCYCLIC TIN COMPOUNDS, 



Oompotind. 


Boiling-point. 

. . 


Density*. 

' 


1 

i 


R<-fractive Index. 


nti^. 


1 ni>. 

i 

1 


i nif * 

f 


i 

nil. . 

‘ 1 


Tin diethyl - cyclopenta> 
methylene 


95“^ C./14 mm. 


D/a-s 1*2698 


1*50298 


[ 

' 

1*50678 


t 

k 

! 1*51580 


; 

! 

i 1-52857, at 19*0° C. : 


Tin diethyl - 5 - bromoamyl 
bromide 


190>5® C.;i 6 „ 


1*7113 


1*54270 


I 

i 1-54707 


1*55708 


1 

! 

j 1-55675, „ 20° C. ] 


Tin triethyl-5-bromoamyl . 


165 5° C./15 „ 


D/o 1-8T23 


1*50204 


1*50563 


1*51457 


1*52213, „ 20° €. i 


Tin triethyhn-amyl . 


110 *= a /1 5 „ 


0.20 1-1258 


* w 








1 i 10 -Bjys - trieth\'lstannyl-n* 
deeane . . , . 


248° C./15 „ 


\ 

’ D/o-7 1-1887 


1 • 






i 


Tin diethyl-n*amyl bromide 


185° C./lo „ 


04^2*3 1*4305 


1 *50484 


1*50866 


l*5i825 


1*52657, „ 22*3° C, 


Tin dimethyl - cyclopenta- 
methylene . " . 


64° C,/16 „ 


D 23-1 1-3857 


1-49861 


1*502-42 


1*5X184 


1*51003, „ 23*1° C- 


Tin dimethyl-5 -bromoamyl 
bromide 


168° C./15 „ 


D/s 1-8385 


1>54548 


1*54983 


1*56085 


1*57019, „ 25° C. 


Tin trimethyl-5-bromoamyl 


124° C./18 „ 


0423-4 1-.1659 


1*49604 


1*49976 


1*50895 


1*51677, „ 28*4° C, 


1 - Trimethylstannyl - 5 - tri - 
methy Iplumbybn-pentane 


162° C./18 „ 


j)^23-2 1-6482 


1*61822 


1*52282 


1*53452 


1*54473, „ 23*2° C. 


1 • 5-Bis-triethylstannyI - n - 
pentane 


205*5° C,/15 „ 


D 420 1-2654 


« •« 


1*5053 


?2c= 


0*01812, „ 20 ° C. 



w 

<1 

OS 
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TABLE XIX.— PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE RgPbR'. 



Compound. 


Boiling"point. 


Density 

(vacuum). 


Up— n^. 


1 

n». 


Lead trimetliyl ethyl 


27-28° C./lO-ll mm. or 128-130° C./751 mm, 


1-8893 


0-01936 


1-5132, at 19° C. j 


Lead trimethyl n- propyl . 


48-49° C./16 mm. or 151-152° C./755 mm. 


D/3 1-7595 


0-01805 


1-5082, „ 21° C. 1 


Lead trimethyl n. butyl . 


64-5° C./14 mm. 


D 42 * 1-6740 


0-91705 


1-5036, „ 22-5° C. 


Lead trimethyl isobutyl . 


58-59° C./lo mm. or 165-166° C./769 mm. 


D 423 -S 1-6684 


0-01675 


1-5021, ,. 21-2° C. 


Lead trimethyl isoamyl . 


70° C./13 mm. 


1-5241 


0-01553 


1-4926, „ 20-3° C. 


Lead methyl triethyl 


70-70-0° C./16 mm. 


1-7124 


0-01826 


1-5168, „ 24-3° C. 


Lead triethyl n*propyl , 


97° C./12-13 mm. 


1-5948 


0-01719 


1-5175, „ 19-7° C. 


Lead triethyl isobutyl 


108-2° C./16 mm. 


1-5302 


0-01686 


1-5120, „ 21-5° C, 


Lead triethyl isoamyl 


114-5° C./13 mm. 


1-505.5 


0-01680 


1-5118, „ 21-0° C. 
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TABLE XX.—PHYSIGAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R^PbR'. 



■ 

Compound. 


Boiling-point. 






Kefractire Index. 







«Hs- 




ng— Ho 


Lead trimetbyl isopropyl . 


75® C./60 mm. 


I>4« 1-7403 ; 1-5042 


1-5095 


1-5223 


1-5335, at20®C. 


1 

1 


Lead trietiiyl sec-bu^ 


103®C./13 „ 


3>4« 1-5360 1 1-61600 


1-52088 


1-53310 


1-54.390. „ 15® C. 


0-01703 ' 


Lead triethyl isopropyl 


90°C./13 „ 


D**9 L5812 S 1-5131 


L6181 






0-01773, at 20° C. ' 


Lead fefethyl aec*ainyl 


12TG./17 „ 


L4906 1 1-51065 


1-31537 


1-52^7 


1-53712, „ 21® C. 




Lead methyl tri-isoainyl 


* * 


D^®* 1-3134 1 1-49226 


1-49618 


1-50612 


1-51477, „ 22® C. 




Lead etbyi tri-isoamyl 




1-2922 1 1-49425 


1-49825 


1-50818 


1-51669, „ 10-6° C. 




Lead n-propyl tei-isoamyl . 


» . 


I>4** 1-2737 1 1-49324 


1-49703 


1-60696 


1-51542, „ 22® C. 




Lead irobutyl tri-isoamyl 


4 4 


1-2522 i 1-49242 


1-49618 


1-50597 


1-51428, „ 19-5® C. 


t 


Lead methyl fcri-isobutyl 


m«c./r2 „ 


D*!®-* 1-3977 ! 1-49883 


1-50321 


1-51.307 


1-52324, „ 19-6® C. 




Lead ethyl tri-isobutyl 


• « 


1-3758 I 1-50134 


1-60552 


1-51636 


1-.52.573. „ 22-1® 0. 




Lead o-propyi tri-isobntyl . 


4 4 


p^i8-« 1-3005 1 1-50148 


1-50661 


1-51631 


1-52554, „ 19-6® C. 




3had fendsobutyl isoamyl . 


4 4 


D4*o-n-2976 I 1-49696 


1-50097 


1-51118 


1-51989, „ 20-6® a 




Lead methyl tri-u-propyl . 


ioa°c./i3 „ 


D4*®-® 1-5220 ! L50456 


1-60911 


1-52059 


1-53058, „ 22-3® C. 




Lead ethyl tri-mpropyl 


118 2®C./U „ 


1-4846 i 1-60703 


1-51149 


1-52290 


1-53299, „ 21-3® C. 




Lead tri-tt- propyl isobutyl . 


4 4 


D*®®-* 1-4034 1 1-50235 


1-50873 


1-51766 


1-52716, „ 22-6° C. 




Lead tri-n*propyl isoamyl . 


' • 


Di®! 1-3810 I 1-60049 

* i 

» i 


1-60465 


1-51535 


1-62462, „ 21° C. 





TABLE XXI,— PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R2PbR2'. 



Compotmd. 


Boiling-point. 


Density 

(vacuum). 


Up Uo- 


Yield. 


Ud- 


Lead dimethyl di-n-propyl 


77-78° C./13 mm. 


D/4-4 1.6230 


0-01679 


70 per cent. 


1-6062, at 23-r C. 


Lead dimethyl di-isobutyl 


95-5-96° C./13 „ 


D^ 2 o -6 1.5042 


0-01685 


70 „ 


1-5023, „ 20-4° C. 


Lead dimethyl di-isoamyl . 


122-123° C./13 „ 


D 420 1.4302 


0-01485 


7o 


1-6005, „ 20 “ C. 


Lead diethyl di-n-propyl . 


105° C./13 


D/“ l-o28o 


0-01654 


85 


1-5127, „ 25° a 


Lead diethyl di-sec-propyl. 


95-5° C./14 


D 4 I 5-9 1.5358 








Lead diethyl di-isobutyl . 


124° C./13 


D /2 1-4455 


0-01564 


90 „ 


1-5081, „ 22° C. 


Lead diethyl di-isoamyl 


142° C./13 


' D^2o 1-3757 


0-01473 


95 


1-5041, „ 20° C. 





TABLE XXII.— PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R«PbR^R'^ 



Compotmd. 



Boiling-point. 



J JfTOity 
^Vacuum). 



Kc'frafctivc Judex. 



1 Jjead 

2 Jjead 

3 Lead 

4 Lead 

5 I»ead 

6 Lead 

7 lead 
S Lead 
9 Lead 

10 Lead 

11 Lead 

12 Lead 

13 Lead 

14 Lead 
16 Jjead 

16 Lead 

17 Lead 

18 Jjead 

19 I^ead 



dunethylethyl-n-propyl 

dimethyletliyl-aee-propyl 

dimetliylethyl-lsoba^l 

dimetlitylethyl-aec-butyl 

dimefLylethyl-'isoanayl , 

dimetLylethyl-see-anayl 

dimethylpropyl-isoamyl 

diniethyl-sec-batyl-laoainvl . 

dietJiylmetliyJpropyl . “ , 

diethyIinetliyl-iK>btityl 

dietbylinethyLisoainyl 

diethyLn-propyl-sec-propyl . 

diethylpropyl-n-btt^l . " , 

diethylpropyl-^butyl 

dietbylpropyl-seo-butyl 

diethylpropyl-isoamyl 



di«isoamyletbylpropyl 



65® C./15 ram. 
6L2® C./15 „ 
74^G./13 „ 

75® C./14 „ 
92®C./I4 » 
90*C./15 „ 
105®C./13 „ 
11L5-112-5® G/14 mm. 
80-8® C./15 mm. 
87® a/13 
106®a/15-5 „ 
lOT® 0./17 
108® C./I3 
110° C./13 „ 

115-5° C./14>5 „ 
127-5° a/16 
121 ° a /12 

131° C./14 
146-6° a/13 



' 1-6043 
1*6968 
*■- 1-6234 
1-6322 
-• 1-5579 
' 1*3669 
■ 1-5028 
' 1-4709 
1-6399 
1-.5805 
1-5225 
-1 1-6336 
1-5285 
' 1-4890 
'•1 1-4962 
•1 1-4392 
1-4554 
-5 1-3980 
» 1-3552 



1*50812 ! 1 



1-50327 

1-50079 

1*50670 

1-49773 

1-50125 

1-50925 

i-sbbe 

1-01047 

1-50751 

1-51235 

1-50217 

1-50948 



1-01327 

1-50783 



1 - t?0<.j24 

1-51139 

1-50201 

1-50571 

1-61412 

1-50783 

1-51524 

1-51195 

1-51698 

1-50655 

1-51393 



1*52614 1 1-53731, at 20-6° a 
1-51982 I 1-53010, „ 20-7° C. 



1-51602 

1-52341 

1-51313 

1-51686 

1*52638 

1-51921 

1-52766 

1-62353 
1-52896 
1-51758 
1 -52551 



1-52647, 

1-53401, 

1*32251, 

1-52675, 

1-63710, 



21- 7° a 
20° C. 
22° O'. 
22° C. 

22- 1° a 



1-52934, „ 20-8° a 
1-63842, „ 22-r a 

1-53359, 20° 0. 

1-53939, „ 20-r C 
1-52721, „ 22-1° 0. 
1-53571, „ 19-4° 0. 



The folio-wing are additional oonstante to be attached to the compounds as shown : — 

No. 1 .no”-* 1-6110 ,- np-neO-01687. JSTo. 4. 00*=^ 1-5140; ny—nr *0-01 711. No. 10. d*®®-* 1-5812 j nj/®-^ 1-5120 ; ny-nc 0-01664. No. 13. 
ajj20.8 1.5120 ; n?-*-no 0-01639. No. 18. nD«-» 1-5053. No. 19. nr,«-B 1-5039 ; np-n6'0-01624. 
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TABLE XXIII.— PHYSICAL CONSTANTS OF MIXED LEAD ALKYLS 

OF THE TYPE AlkgPb.Ar. 













Refractive Index. 


i 

1 

1 


Compound. 


Boiling-point. 


Density (vacuum). 










1 

1 


“Ha- 


nn. 






i 

1 








Lead trimethyl phenyl 


104° Q/13 mm. 


d428-7 1-7342 ; 1-7376 


1-5753 


1-5816 


1-5988 


1-6138, at 23-7° C. 




Lead trimethyl o-tolyl 


H7-5-118° C./13 mm. 


1-7395 ; d*®* 1-7408 


1-5734 


1-5793 


L5964 


1-6095, „ 21-4° C. 


t 

» « ( 


Lesid trimethyl p-tolyl 


118-119° C./13 „ 


d^zo 1.6826 5 d/i-5 1-6812 


1-5672 


1-5732 


1-5895 


1-6039, „ 20° C. 


i 

* * ? 


Leewi triethyl phenyl . 


135° C./12 mm. 


d^si-i 1-5920 ; di^o 1-5931 


1-5898 


1-5757 


1-5917 


1-6057, „ 20° C. 


! 


Lead triethyl o-tolyl - 


153-5° C./13 „ 


di22-2 1-5832 ; di"'® 1-5853 ; 
d/i-s 1-5839 


1-5682 


1-5740 


1-5897 


1-6035, „ 21-5° C. 


j 

> 


Lead triethyl p-tolyl . 


154°C./13 „ 


d^^^-s 1-5237; d^-® 1-5281 ; 
dj^s 1.5262 


1-5629 


1-5686 


1-5842 


1-5979, „ 22-0° C„ 


njj^° 1 -5695 


Lead triethyl benzyl . 


149-150-6° C./13 mm. 


d/3 1-5396; 1-5374 










/nn-*-^ 1-5851 
\ 1-5843 


Lead trietfayl a- 

naphthyl . . : 


176° 0./13 mm. 












.. 



Lead triethyl a-naphthyl apHts off naphtlialene at its TDoiling-point. 
Lead trimethyl benzyl boils at 124® C. with much decomposition. 
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TABLE XXIV.—PHYSIGAL CONSTANTS OF HETEROCYCLIC LEAD COMPOUNDS. 



i 



Compound. 


Boiling-point. 


, Density (vaenumj. 

1 

; • 


nj,- 


1 nj" — Hr- 

1 


Lead dietbylcyclopeataiaethylene 


. j 111® C,/i3v ram. 


1 1-GSOO 


njfO 1-5484 

i 


1 

, 0-01770 

1 


Lead teiethyI*6-bromoamyl . . . . . 


. ' itirc./i3 


\ DA° l-6Sfil 

j 


n,r“ D.1374 


0-01663 


Lead triethyj-n-amyi ...... 


. * 12PC./15 „ 


' !)/'• 1-4823 ' 


n;r« 1-5097 


0-01008 i 


1 ) 5-Bi«'trimetliyIplQmbyl*B«pentane . 


. j 106-5^0/14 „ 

1 


j 1-9448 J 


nr, =3-5 1-5.771 | 

J 

1 


0-01940 ^ 
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NAME INDEX. 



Abelmann, 68, 196, 197. 

5 

Adams, 40, 42, 94, 190, 215. 

Alexey eff, 19, 21. 

AUpress, 77. 

Anderson, 217. 

Aronhelm, 73, 77, 87, 322-324. 

Ashley, 317, 324, 340, 345, 346. 

Auld, 53, 56, 144, 146. 

Balbiano, 143, 154, 155, 200. 

Bamberger, 32, 75, 90, 158. 

Banns, 79. 

Bauermeister, 82, 97, 99, 222. 
Bauerschmidt, 210. 

Becker, 88, 93, 225, 228. 

Becker, B., 317, 322, 326, 327, 329. 
Beckmann, 11. 

B6haJ, 188. 

Bcilsteiol, 19, 21. 

Beimrdi, 125, 132. 

Berthelm, 221, 235, 237. 

Berthelot, 31, 34. 

Bessl, 166. 

Bewad, 18, 19, 22, 26. 

Bielenbcrg, 74, 84> 

Blgmelll, 181. 

Biilmann, 50, 54, 59, 64, 66, 67, 176, 181. 
BUtz, 181, 186, 187, 189. 

Bjerrum, 176. 

Blaise, 26, 142. 

Blalsi, 88, 91. 

Bleekrode, 232. 

Blumentbal, 173, 176. 

Bocchi, 129, 133. 

Boedecker, 168. 

Bogert, 217. 

Bogomolez, 24. 

Bohm, 24. 

Bonitscb, 112, 139. 

Braicovie, 233. 

Brame, 181. 

V. Braun, 208. 

Bredig, 305. 

83 . 

Brieger, 13^ 133, 156, 158, 166, 178. 
Buchner, 65. 

Buckton, 13, 18, 21, 30-36, 39-42, 232, 301, 
313, 333, 336. 

BuUard, 314, 319, 320, 321, 328. 

Burkard, 181. 

Buronl, 166. 



Burton, 106, 114. 

Biitlerow, 16-18, 23, 25, 333. 

Bygddli, 247 , 250-252, 259, 262-264, 282, 
362. 

Cahoues, 11-13, 15. 18, 20, 2.3, 24, 33, 36, 
37, 43, 220, 232, 233, 302. ‘.U>4-310, 
314, 333, 336. 

Calingiiel't, 339. 

Callls, 304, 305. 

Calmels, 20, 32. 

Calvert, 11. 

Calvery, 38, 39, 43, 44, 77. 

CampM, 79. 

Cantapulo, 16, 19, 25. 

Carani, 118. 

Carius, 21. 

Caiier, 263, 269. 

Caveii, 247. 

Cecclietti, 133. 

Chalklcy, 104, 147, L56, 20(5. 

Cliallengcr, 77, 264, 266. 

Chambers, 13, 316, 322, 324, .5129. 

Chapman, 19, 21, 351, 37. 

Chattaway, 82. 

(3iiisa, 213. 

Cocconi, 140. 

Coffey, 92, 93, 107, 108. 

Goff maim, 5. 

CoUie, 26, 301, 302. 

Corey, 291. 

Cowper, 47. 

Crafts, 13, 18, 20, 250, 262. 

Crymble, 31, 34, 40. 

Csabay, 340, 340, 347. 

Curtins, 6i>. 

Davies, 265. 

Dean, 68. 

Delacre, 22, 26. 

Deiiiar^ay, 306, 307, 5110. 

Demuth, 20. 

Deuigos, 47, 54, iSl. 

Dennis, 291-295, 297, 298. 

Desesquelle, 140. 

DUthoyi 267, 270, 271, 275. 

Dlmroth, 33, 41, 72, 90-93, 97, 101, 104, 
105, 112, 121, 139-144, 149, 151, 156, 
162, 166, 196, 197. 204, 208. 
Disselkamp, 337, 345. 

Ditmar, 31, 32, 40, 41. 
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Dru<-e. 31 1- 31.3. 

Uiiilonl, 11. 
iMinhuii[)t. 31. 41, 12. 

Diippa. 17, 13. 2u. 22. 2.7. 3! .33, .3.'). 3(i, 3H, 
44. 

nuniifl, 12. 1.7. 

KiUlHHAimNcr.u. 213. 

EdonanloiT, 2ti7. 270. 271. 27.7. 

Klaaviifeht. I OS. 

Ehrliurd. 7,3. 

Kirhor, 33, 44. 

Ivnliisaiin, 1ST. 

K.^Mri’s, r>s, ISl. 

K\aiis, 317. 321. 310. 31.7, 343. 



I*‘AllJ.f5HiN. 231. 

J'’iogel, 43. 

FSIali, If?, 13, 2.7. 

13, 

Fiiv/.i, 37, 1211. 

33. 40. H.7. 73. 

Fl.a-k, 12, in. Ml, .33. 7il. 
Kli’mhig-.Sirulh*‘i>, *7{. 13t>. 13S, 

Forati-r. 73. 

FoKl< r, 234 237. 

Foiirufim, 14tJ, 5 f~. 

I'YaUfliimunl, 73, .S7. 

Franidaiid. II. 12, 13, If? 23, 2f>, 27, 31 .3.3, 
3r>, 3f5. 33 41, 44, 213, 22,3 223, .301- 
303, 303,^11.3, 333. 

F’ranklin. 40, 

I'Vund. 17, 23. 

Frifldid, 13. 18, 20, 2f>0, 252, 258, 257, 259, 
263, 283, 284. 

Fromm, 27. 

Fujimoto, 68. 

Fttratonhoff, 13, 232. 



(Iabaxini, I2fl. 

(lajowBki, 198. 

(W, 20, 23. 

DannagO, 81, 95, 96. 

(«Ritt*rkei. 42i~44. 

(.laj&aroUi-Thurnlakh, 18, 22, 24, 26, 
ilcm&ht, 56, 67, 10,3, 184. 

Qenzk&nf 93. 

Ocrhardt, 47. 

Oorsoh, 167, 168. 

GMra, 31, 34, 301, 333. 

Gibson, 4, 9, 79, 94. 

Gilman, 11, 12, 340. 

Gladstone, 18, 19, 23, 24. 301. 

Glinsky, 100. 

Gofiobaux, 122. 

Gcxidard, A. B., 30^38, 43, 76, 86, 98, 
220 -222, 236-240, 242-244, 302, 317, 
322, 324, 388, 840, 342. 843, 345, 846, 
3S0. 

Goddard, D. (Mrs), 76, 221, 222, 302, 317, 
322, 338. 340, 342. 343. 345. 



Goldacl.ei*, 126. 
Goi-et, 36, 43. 
Goriaiiiow, 21. 



Gould. 31. 3.], 36, 37, 40, 43, 44. 
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f IraeO, 77. 87. 

GratHiii, 7.8, 79, SS. 
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Give-r, 304. 313. 31.7. 

(.‘ligiimd. 196, 197, 233. 
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(Jriiiiin. 302, 310. 
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:UH. 361. 
Gnitzjun'. 140. 
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Girntv;, 19. 

('woKdtAV, 26, 



Haa.s 189. 190. 

Hafkford. 270, 271, 282, 283. 

Hnjrar. 4, 30. 

Ha!hvn<‘li8, 12, 232. 
ilainiifon, 78, 03. 

Hnimuoiid, 106. 

291, 292, 

14uuk(>. 101, 

Han.scii, 221, 237. 

Hansou, 205. 

Hantzach,53, 56, 144, 146, 198. 

Hutxion, 208. 

Hart, 158, 264. 

Hartwig, 13, 221, 237. 

Himaibauraor, 77. 

Hasw, 17, 19. 

Hoidolb(>rgor, 113, 129, 205. 

Hain. 13, ,34, 73, 78. 80, 81, 122. 

Helkir, 304, 312, 

Helkm, 64. 

Henry, 22-24, 46. 

Henry, T. A,, 162, 153, 192-196. 

Herman, 26. 

Herrera, 217. 

HeiTniaxm, 141. 

Heumann, 76, 87. 

Henter, 164, 168, 171, 
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Hilpert, 6. 12-14, 16, 26, 28, 31-33, 40, 41, 
76, 77, 86, 86, 88, 92, 94, 96, 208, 
234. 

Hiiisberg, 21, 

Hiraclifeldor, 158, 

Hjortdahl, 806, 306, 308-310. 
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Holtz, 4, o, 6. 

Holzm.‘nu5, 32. 

Howard, 31. 

llUTlBW, Id, 

J.4C015S, 113, 12lt 205. 

,Tacolih-olni, 118. 121, 123, 121. 

Jiifubaon, 80 , 81 . 

Japp, 23. 

Jeuidna, 233. 

.Jensen, 74, 84. 

Job, 25. 

Johnson, 188, 180. 

Jolibois, 333. 

Jones, 32, 34, 38, 70, 80, 95. 

Jurgens, 105. 

Kahlfuss, 19. 

Kalle, 23. 

Kaulfuss, 16. 

Kawaraura, 3, 6, 8. 

Reiser, 181. 

Kekul^, 76, 87, 

Kelbe, 82. 

Kenner, 108. 

Kharasch, 63, 64, 7.5, 78, 70, SO, 88, 88, 
104, 105, 118, 121, 123-125, 147, 156, 
159, 208. 

Kliotlnsky, 93, 95, 219, 223, 225, 228, 229, 
284. 

Kipping, 248, 250, 254, 258, 282-272, 275, 
27S-28fi, 287-290, 307, 318, 320, 323, 
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HriUEGT INDEX. 



.\\H. hidfs: amuij^ed iiiuiei* hmlings of olomeiits placed In their order of 

upjx-ariiifj: in the lh‘rio<ii<‘ Chisaitieiifiou. Wheit* more than one rcferoiico is given those 
ref(M'eae<‘.s in it<diea indiviitc wlu»rc the pivpiiratioii mid properties of the coiuiiound in 
qiifstien may he fmanl. 



Lithium j'-'eainyl. h. 

w-hiityl. ■}, 
ethyl, ■/. 

.. methyl, tl, /. 

. . pheftyi, d, 

t ri phony Inn ‘thyl. -V. 



Lithium. 



Sodiunh 



Sodiujn »Voj»nyI, .‘W. 

P"anwvl4)iphenvleiie*methvl, H. 

,, bnjy.yi, U. 

„ hiplmjy]eiie.]ihenyl-methyl, 7, 

,, di'biphenylyl-rt •naphthyl-methyl, 7. 

,> ethyl, i7, 

,, methyl, d, 
phenyl, $. 

„ phmiyi-hiphi'iiyiyl.a-iiaphthyhiiiethyl, 
„ friph<-iiyini(‘thyl, 3, d. 



7. 



Pofassinm, 

Potatwium lri]>heiiyhm‘thyl, 8, 



Eubldium ethyl, 8. 

„ triphenylmethyl, 8, 



Rubidium, 



C®wium ethyl, H. 

„ triphenylmethyl, 9. 

Cuprous jihenyl, 3, 9. 



(JtBdtini, 

Copper. 

Hilver, 



savor phenyl, 4, 9. 

„ , oompound with silver nitrate, 319, 35 U 



Gold. 

Amminodiethylaurio bromide, 10. 
Diothylfturio bromide, 3. 9. 

Ethylauric dibromide, 10, 

Cakium. 

OaJoium, oi^anic eoinjjlexes of, IL 



Beryllium. 

Beryllium »- butyl iodide, 16. 

„ di-w-butyh 16, 

„ dietJry], 1 1, 14, 36. 
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Beryllium dimethyl, 12, li. 

„ diphenyl, 15. 

., dipropj'l, 11, ii?, 37. 

„ di-p-tolyl, 15. 

„ ethyl bromide, 15. 

„ chloride, 15. 

„ „ iodide, 16. 

„ methyl Iodide, 12, 14, id, 

„ phenyl iodide, 12, 15. 

Magnesium. 

Magnesium diethyl, 12, 15, 36. 

„ dimethyl, 15, 33. 

„ diphenyl, 12, id, 76. 

„ dlpropyl, 16. 

Zinc. 

Zino di-tsoauiyl, 12, 25, 38. 

„ „ , physical constant-s of, 357. 

„ di-i«obutyl, 24. 

„ „ , physical constants of, 357. 

Zinc diethyl, 8, 18, 19, 20, 25, 26, 29, 33, 36, 221, 224, 237, 250, 261, 265-257, 259, 
263, 292, 301, 302, 332, 333. 

„ „ , reactions of, 20-23. 

,, „ , physical constants of, 357. 

„ dimethyl, 12, 16, 17, 2\, 25, 27, 31, 33, 223, 248, 258, 303, 333. 

„ , reactions of, 17, 18. 

„ diphenyl, 13, 26, 76, 316. 

„ dipropyl, 23, 37, 250, 302. 

„ „ , physical constants of, 357. 

„ di*iaopropyl, 24. 

„ ethylate, 18. 

„ ethyl isobutyl, 357. 

„ ethyl Iodide, 25. 

„ „ n-propyl, 357. 

„ ethyl trlchloroethylate, 26. 

„ methylate, 17. 

„ methyl ethylate, 18, 25. 

„ „ iodide, 16. 

„ „ methylate, 17, 25. 

„ isopropyl isoamyl, 357. 

,, w*propyl isobutyl, 357. 

„ isopropyl iodide, 26. 

Cadmnim. 

Cadmium di- isoamyl, 28, 358, 359. 

„ di-«.butyh 28, 358, 359. 

„ di-isobutyl, 28} 358, 359. 

„ diethyl, 27, 36, 358, 359. 

„ dimethyl, 27, 358, 359. 

„ diphenyl, 14, 28, 76. 

„ di-K*propyl, 28, 358, 359. 

Mercury. 

Acetaldehyde, mercuration of, 47. 
m-Acetaminobenzolc acid, mercuration of, 172. 

p-Acetaminophenylmercuiic acetate, chloride, hydroxide, sulphate, 124, 125. 
Acetanilide, mercuration of, 124. 

Acetic acid, „ „ > 58. 

„ acids, substituted, mercuration of, 04. 

Acetone, reaction with mercuric cyanide, 54. 

j, » „ „ acetate, 55. 

Acetophenone, mercuration of, 196. 

Aceto-diethyl-methyl-mercuric chloride, 65., 
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Aceto-dimothyl-mothyl-meroui-ic chloride, (55. 
At'etosyiiieiYinrl-iiecto-o.toluidide, 130. 

.) „ »• ’Ifi’ i, , 131 . 

(^* *• i> », ,» ,, , 131 . 



2. 

p- 

0‘ 



S’! 



-acetyliintliramlici methyl ester, chloride, 170, 171. 

„ .p-aiilhiobelizoic etliyl ester, chloiide, sulphide, 164, 174, 175. 
.< ,. ., „ ., ., , inel-ciiiic acetate salt of, 174. 

.. p.iV)iuiiylplieiiol, 153. 

,. aniline. comj)ouUds from diiizotlsed, 205. 

., :iuis<de, Ml, 142. 



!>• 



HID- 

4-p- 



P' 

3iD- 



a- 

n. 



ft- 

o- 

.i. 

0. 

4- 

P' 

6 - 



4* 

4- 

4- 

4-/ 

4* 



p- 
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ct« 
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U' 

3. 

4 * 

2 - 

2. 

a- 

«” 

«• 






ff 
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Pi 
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Jt 

Pf 

V* 
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if 

*9 

if 



a- 



i* 



a- 



ip 

if 
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>JT 

tf 

i* 

*i 

•» 

>> 



fi 
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■^i 

4* 



*1 
if 
• i 
*% 
if 
*■* 



if 

fi 
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ti 

if 

ft 

a 

ff 
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if 
ff 
ia 
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t* 

if 

if 

if 

*1 

ff 

*f 

ii 

** 

ff 



,141, 142. 

.authraniiic methyl ester, 169. 

-l»eiiz<‘rH-a?.o-p-cresol, chloride, 204. 

. ^-henzeneazo -a-iiaplithol, 204. 

Ix-im'iieazo- 1 -iiaphthylaiiimc-5-siilplioiiio acid, 203. 

„ -o-nitropluniQl, broinide, 204. 

„ -phenol, 205- 

». -tesorc-iiiol, 203. 

-iH'iizidiiie, hydrochloride, 132. 

-h(VlHnrzelit'azo-a-UiiphtIi(>!, 201. 

-p.hi-oinodiuie(,liylaiiilino, Ul, 122. 

-/i-f'.wb«tosy-/?-pheiiyIpropioiiici nietlivl ester, anhydiidc, 178. 
-p-pTf.-hutylphinnd, 133. 
earviuTol, 1.52. 

-p-ehloroacetanilide, 120. 

-;)-ehlnroajiilhie, acetyl derivative, hydroxide, olilorido, 118. 
-0- „ „ , hydroxide, lu-etj-l derivative, 117. 

.p-<-rcsoh 137, ISO. 

-f)-ercHoI, ehlori<ie, uitr--vte, 149. 



«, vf »- ,» , 1*19. 

-3-diaeelosymeivuriphenvl-r)-pyra?.oloUc, diclilorido, 213. 
-diaectyl-fMutraniliue and uce.tyl d<>rivati\-o. 119. 

-2 ; 4-tlh‘hloroaniIine, iie<-tvl derivalivc. elilorkk, hydroxide, 111, 
i/-l 

4'i diethyhuninoazohenzciie, 203. 

-m-diinethylanniiotuUH<»le hyfiruchloride, 147. 
4''diniethyhuniu<»ar.ob«nzeue. 205. 

■ fn-diniothylaminophetHtI, 147. 

-«.dmu-tiiykiintumlienyl acetate, 137, 147. 

-dimetliylaathrauiUc methyl ester, chloride, bromide, iodide, 172. 
-flimethyl ether, chloride, 1 84. 

diDatdhybp-tttkidine, chhiride, bromide, iodide, hydroxide, nitrate, 
132- 

-dipheaylamine, oliloride, hydroxide, 123. 

- ^-ethttxy- ^-pk-nylpropionio methyl ester, chloride, bromide, 
iodide, iutemal anhydride, 177. 

-^■ethoxy- ^-plienylproptophcmme, 196. 

-ethyhintliraiiilic! ethyl eater, methyl cater, 172, 

lOthylmothyl ethtm, 38, JK4. 

formic ethyl csktr and derivatives, 38. 

methyl „ „ „ ,38, 

-3 -hydroxy bonzaldehyde, 193. 

-^-hydroxysuooinic acid, di^rivative of, 67. 

-4-hydroxy '2-mctbyl-3*t»o|)ropyl-bcnzaldohyde, 132. 
-3-bydroxy-tetraliydronapfithaleno, 103. 

-o-iodoaniiiiwi, hydraxide, iodide, 118. 

-p. „ „ „ , acetyl <lerivative, 118. 

.6-iodothymoI, chloride, bromide, oxide, 132. 
-^-methoxy-^-phttnyl-p-ehltiropropiophenone, 197. 

|f-phenylpro|)ionio ethyl oster, benzyl ester, 178. 

„ „ „ 1-menthyl ester, chloride, bromide, 

178. 

„ „ „ „ „ methyl ester, chloride, bromide, 

iodide, 177. 

», »» -/if-pfaenyipropiophenoixe, 1^. 

methylanthrstoilio methyl ®ster, chloride, bromide, iodide, 171. 
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99 

99 



99 

99 



l-Acet<)syiU(n-(nii‘iiiu>thyl-4-bromo‘l : 2-diliytirobcuKofuraiic, 21 (I. 

1- ,, „ „ .1 ; 2-dihydrobcnzofurane, cMolidt», bixtmido, lodidf, 210. 

jf>-Acetoxyiiu*rcuri-matliyldiphonylaimnej hydi-oxide, 130. 

3- „ „ .l-niethylmdole, 214. 

PAcetoxymercurimetbybO-methyl-l : 2-dihydrobeiizofiirane, 210. 

K .'S- * * 216 

A* 99 99 ">> 9f 9 

1* JJ )t » ‘4:‘ >> >J J> JJ > 210. 

8-Acetoxymercuri.2.1nethyl.l-phthalyl indole, 214. 

JV-methylthiodipbenylaimne, 126, 
j?-napbthol, 138, 158. 

1- naphthol.4-sulphonic acid (sodiilm salt), 138, 157. 

2- -6- „ „ ,. „ ,138, 

^•naphthylamine, 133. 
o-nitroaniline, 111, 118. 

>H‘ ,, ,, , 119. 

p- ,, , acetyl doHvatlve, 119y 120. 

2- nitl’o-4-bentonea2o- a-uapllthol, 204 . 

■4* ,, *2* ,, ,, ,, , 204. 

3- nitro-4-hydl‘oxybe]izaldehyde, 194. 

2- ,, "3- „ y, ^ , 195. 

plienetole, chloride, bromide, iodide, 143. 

,, j 14:8, 144. 

pheliol, hydroxide, iiitorlial o.xide, bromide, i^idide, nitrate, sub 
phatc, 140. 

phenol, hydroxide, bromide, iodide, nitrate, sulphate, 140. 

2- Acotoxymcrcuriphenylglycine, ethyl eater, 127. 

a-Acetoxymercurl-j5-propoxy-j3-phenylpi‘opionio methyl ester, chloride, bromide, 
iodide, internal anhydride, 177. 

-^-isopropoxy-j?.phenylproplonic methyl ester, anhydride, 177, 178. 
-salicylic methyl ester, 162, 167. 

„ ethyl „ , 167. 

thymol, chloride, bromide, rdtl'ate, oxide, sul^iliato, 151, 152. 

„ , bromide, hydroxide, „ „ „ , I!)2. 

toluene-2-azophenol, 205. 
o-tolylglycine ethyl ester, 128. 

„ „ „ „ , anhydride, 139. 

p~ ,, t, „ „ ,, , 120. 

-o.toluidine, 129. 



1 - 

2 - 

1 - 

1 . 

p. 

p. 

0 - 

8 (?)- 

8 (?)- 

5. 

0 - 

p. 

o- 

p 



a- 



2 - 

6 . 

5- 



5- 

6 - 






130. 



„ ,, -p- ,, , chloride, hydroxide, 131. 

Acetylene, interaction with mercuric salts, 186, 187. 

“Acetylene mercury,'’’ 186. 

„ ,, oxychloride, 186. 

„ tetrabromide, interaction with mercuric cyanide, 189. 

Acid anilides, mercuratlon of, 124. 

Acrylic acid, „ ,,,66. 

Aldehydes, mercuration of aliphatic, 63. 

Aliphatic acids, unsaturated, mercuration of, 66. 

Alkyl mercuric halides, electrolysis in. liquid ammonia, 30, 31. 

Alkyl phenols, mercuration of, 153. 

AUylacetoxime, reaction with mercuric acetate, 202. 

AUyl alcohol, mercuration of, 47, 50. 
p-AUyl anisole, mercury derivatives of, 143. 

AUylene, interaction with mercuric salts, 187, 188. 

AUylmercuric hydroxide and salts, 44, 45. 

,, ,, iodide, 33, 44. 

o-AUylphenol, mercuration of, 215. 

1 ’. 8-Amldonaphthol-3 : 6-disulplionlc acid (H acid), reaction with mereurlo salts, 158. 
1 • 8- „ „ -4 : 6- ,, „ (K acid), „ ,. „ „ , 1.58. 

1 •* 8- ,, „ -4-sulphonic acid, reaction with mercuric salts, 158, 

m-Anilnobeiizoic acid, mercury derivatives of, 172. 

P- „ „ ,, and esters, mercury derivatives of, 173-476. 

Aminomethane disulplionio acid, mercuration of, 68. 

Aminophenols, mercuration of, 147. 
o-Aminophenylmercuric aoetate, 111, 116. 

O' o „ „ , acetyl derivative, 116. 
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o-Ajinuophenyliiioreuric aoelate, condematioii with diiiitropLenylpyridinliim chloride, 

3'- o .. , H12, \ti2. 

p- »•< •. „ , acetyl derivative, tl3. 

P‘ r> ,y , coudensation with dinitroplionylpyridimu 111 chloride 

and ]>mpargyl acetal, 1 J3, 114. 

/a Aiiiiiu>pl«‘nyiiiuTC«rie chloride, IJ5, lUJ, 222. 

M >• f> , Coii'lvnswtion products, lid. 

p- ,. hydroxide* and salts, 114-lld. 

p- ,< M thiosulphak*, Ud, 116. 

Mi.Aininoplu'iiyi-tiimrthylaiHmouiuiu chloride, merciiratloii of, 149. 
a*AniyIacetylene. mcreuration of, 1S8. 

Amyl alcohol, ,. „ , 47. 

ISO- .Amyl hydrtjxvmcrciirhar'ciiltro-acediih- anhydride, (>4. 
j n^Amyimerriirie hromide, 41. 
icri.- ,. ... „ ,30, 4 L 

., ,. chloiide. 3.S, 

iso- ,, „ itnlidc, 38, 44. 

i«o-Am>iphenul. mcwiratioii of, lo3. 

4 i d-Anhydro-3-acetoxyinemsri-n-hydro,XYiuciviin.4-hydraxybeiizaldehyde, 194. 

2 : 3- „ -2 : d-dihydroxynn-miri-4-iiitro..‘{*hydroxybcimildchydo, 195. 

„ ■■"2-hydroxy-3-hydroxyinercitrii.5-incthyla?.ol>cni!cnc-2'.carboxylioacid,20G. 

» n ft >• ,, -4'^- „ „ ,206. 

„ -«-hydroxy-iiiei'curiheittoyI acetic acid, (j.'J. 

„ -«* hydroxy mt'rcuri -a- hydroxymethyl succinic acid, derivatives of, 07. 

Anilines, iialogcnntctl, luercnration of, 117. 
a-AiiiUdo fatty aolda and caters, ttiercnratidn of, 120. 

Aniaohs mcnnirathm oh 1.‘17. 141. 

Auisyllndole, in(»rcuratioii uf, 214. 

^j-Anisylmcronrie. chloride, 87, Nd, 230. 

?)• „ ,, oxide, 142. 

Anthmnilio esters, mercuratiou of, 16V, 16^-171. 

Apiol, merouratioii of, 137, 15S. 

MthApiol, „ of, 137. 

Aromatic aeitis, mensuration of, iW. 

„ nitro compoondH, lueraura-tion of, W4 -MS. 

„ sulphonic acids, ,< „ , WS, M9. 

Ary! hydroxy.fatty acids, ,, „. 68. 

Aryloxy -fatty acitls, „ ,, . 19h 

Az 0 oompounda, morcurak-sl, 203 200. 

Behooolio ostons, meniuratioii of, 68, 

Henmlaoetophoiione, „ „ . 196. 

Benxenear.oplusiiol, ,. ,. , 203. 

Beozoneaxfvp-cresol, ., „ , SW, 

Beaswjno sulphonic; iwid. siuuH-nration (>f. 109. 

Benaideno, „ 132. 

Benxoio acid, ,. „ , 160, 162, 

BenKophenone, „ ,,, 197. 

Itenzoylaoetio acid, „ 

m - BenKoylarainolxutaoio acid, murcuralion of, 173, 

J^nssoylmethyl-mcrcittric oliioridu, 63. 

;p»Bemylaminoplu'nylmfircurio acetate, chloride, hydroxide, joitratei, 124. 
BexMsykniline, mfircaration of, 124. 

Btixizylmerourio acetate, 95. 

,, ,, bromide, iodide, 86, 96. 

„ „ oWoride, 80, 86, 87, $4. 

„ „ oyanitte, 95. 

„ „ ethyl xMithate, 191. 

Bem.yl merourv compounds, 79, 80, 94, 95. 
p-Ksm©m«riftiMuUrte, 222. 

p-B^cMUodimethylanilin®, merouration of, 111, 12B. 

4- Bw>mo4-hydroxy4'acetoxyineroari4-triao®toxymerouripbenyl-2 : 3-dimethyl-6- 

pj^azolone, chlffirid©, hydroxide, 212. 

Bromomerouri aoetio acid, 58, 
o-Brojnomerouri baiusoph^aon©, 198. 

5- „ „ -2-brcnnothlophiem, W. 
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a-Bromomercuri camphor-, iodide, dOO. 

5- .. .2-oMorotliiophene, 99. 

5- ,. -2 : 4^diphenyl-se]fnuphem-, 217. 

a- „ .. -^.(.^thoxy-^.pheuylpropiophcnone, 197. 

.. „ -Kthyl iiietlni f-tlier. oMoride, iodide, sulpMdf, 184. 

2- .. ., -S'- hydroxy •tetrafaydronaphtlialene, 103. 

o* ,, ,. *2dtidi.>thiophent‘, 99. 

a- „ ., -p'.:iit*thoxy.p’-pii&iiylpri)pioplieiione, 197. 

1. „ .. i‘.iethyh4.bi'umo-I ; 2-diiiydrobouzofuraiio, 21G. 

.7- „ .. .S.methvltiiiophcne. lOl. 

4- „ .. -2-nitrutohiene. 107. 

2. „ ., tliiophenf, 9S. 

4-Bromo^ 1 .phenyl.2 ; 3-dimetliyl-d‘pymzoIonf, mcrciiration of, 212. 
o-Broniopiii-nylmercurie acetate, chloride, 104. 
m- „ ,, „ .. , 104. 

P‘ -,j, y, .. , 104. 

Butanol racTcurie chloride., bromide. 18.5. 

Butene mercuric iodide. 18.5. 
f,rt..Butylaeetyk»3ie, mercuratinn of. 18S. 

/,"'obut 3 ‘iene, interaction with mercurie suits. 18.5. 

Butyl imlruX3"mereuri.Ge!5nitro.acetat(' .xnh^dride, (14. 

JO Butylmercuric bromide, iodide, 49. 





>y 


rn 


chloride. 73, 87. 


jy 




*y 


ethyl xanthate. 191. 






>• 


hydroxide and salts. 43. 








ehioride, 43. 




*> 


o 


bromides 30. 43. 


»» 






iodide, 38, -i.3. 


PrL- 






bromide, 30, 43. 



ftrf.-Butylpiionol, mercuration of, 1.53. 

Camphene, mercuration of, 300. 

Camphor, » ,, , 19S-200. 

Camphor carboxjdio add, mercuration of, 200. 

Cane sugar, mercuration of, 47, 50. 

Ct»liulo.se. „ „ , 47. 

Carbon disulpliidp, ronction with aikjd or aryl luereuric hydroxides, 190. 
Can'atTol, morcuratioii of, 137, 753, 

Carvaerulaldehyde, mercuration of, 1.32. 

Chaulmoogrie acid, „ ,,»GS. 

.7-Chiur!j4"acetoxymerouri-i-pheiiyl-3.iiiethylpyTazulone. dichloride, 213. 
o.Chioryanilmt*. njercuration of, 117. 

7J5‘ .. ., ., ,. , US. 

P' ,1 tt >, ft n life. 

Chlor&todimereuraeetaldehj'de, 53. 

Chloratotrimercuriacetaldeln'dc, 33. PSr. 

ChloroiiiCTCuri^aceto-o-toIuidide, 130. 
2‘C'h]oromerduri.2.aeetj*i.mdandione, 198. 

.. „ ‘p-amitiobenzoic acid, 174. 

„ „ amyloxy-dieyclopentadiene, 190. 

5- ., -,. -2-7^oamyltMophene, 100. 

o- „ ., anisole, bromide, 141 ,* iodide, 137. 

P‘ ., ,, ,137, 142 ; bromide, iodide, 142. 

., .. -anthranilic methyl ester, 169 ; brolnide, iodide, 170. 

o- .. ,, benzoic acid, sodium salt, 161, ISS, 



P‘ 

P- » 
o- ., 
0- „ 
0 . ,. 

S- „ 
0- ^ 



5" 

a* 

o. 

5- 



» „ « , 101, 162, 7(53, 164 ; bromide, iodide, 163, 164. 

,, „ ,, , acid chloride, n-butyi ester, 164. 

„ benzoic methyl ester, 162, 164. 

,, benzophenone, 197. 

„ benzoyl chloride, 162, 164, l6o. 

„ -2-benzyIthiophene, 70, 83, 101. 

,. -p.bromodimethylaniiine, bromide, formate, hydroxide, iodide, 

thiocyanate, 123. 

,. -2-bromothiophene, bromide, iodide, 99. 

., camphor, 199. 

„ -2.earbethoxy-lndandione, 198. 

„ -2.carboxyl*thiopheae, 99. 
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5- 

3* 

5* 

3- 



5* 

3- 

3- 

2 - 

2 - 

5- 

3* 

3* 



99 

* 2 : 

*2 

-3 

-2 

-2 

-2 

*2 



55-Chloromercuri-o*cMoroamline, 119. 

9f j 118, 

5- „ „ -2-clilorotiiiophene, bromide, iodide, 98. 

-^)-cresol, 137, 150. 

„ „ , benzoyl derivative, iodide, 150. 

„ methyl ether, 151. 

4*dichloroaniline and acetyl derivative, 118- 
5-dimethylthiophene, 70, 84, 102. 

4- „ „ , 102, 

3- „ „ , 102. 

4- ,, ,, , 102. 

4- diphenyl* selenophene, 217, 

5- „ thiophene, 103. 
ethoxy dicylopentadiene, 190, 

-2-ethylthiophene, 101. 

-2-hydroxy -2 : 3-dihydro-2 ; 5-dimethylthiophene mercuric chloride, 
101. 

*4-hydroxy-4 : 5-dihydro-2 : 4- „ „ „ „ 

102. 

-4-hydroxy-3*methyI-6-lsopropylbenzaldehyde, acetate, 153. 
-OT-hydroxyphenyl-trimethylamnionium anhydride, 148. 

-^- ,, ,, ,, ,, acetate, 148. 

indandione, 198. 

-5-iodothiophene, 83. 

-2- „ „ , bromide, iodide, 99. 

-4-methoxy-l*dichloromercurlphenyl-2 ; 3*dlmethyl-5-pyrazolone, 
211. 

-4 *methoxy-l-dichloromercurlphenvl-3 -methyl-2 -ethyl-5 • , , 

211. 

methoxy dicyelopentadiene, 190. 
l-Chloromercurlmethyl-4*bromo-l : 2-dihydrobenzofurane, 216. 

1- „ „ -6*carbomethoxy-l : 2-dihydrobenzofurane, 216. 

1- „ „ -4-carboxy-l ; 2- ,, „ ,216. 

1* ,, ,, -6- „ 1:2- ,, ,, ,216. 

1* „ „ -4-carboxyvinylene*l : 2- „ „ ,216. 

(Chloromercuri methyl)-ethyl phenyl carbinol, 196, 

1-Chloromercurimethyl* 6-methyl- 1 : 2-dihydrobenzofurane, 216. 

,216. 

, 216. 



195. 

196. 



1- 




-5- „ ,, ,* 


1- 




-4* ,, ,, , ,, ,, 

-2-methyl thiophene, 99. 


?- 


9 99 


7- 




-3- „ „ , 99. 


i- 




-*j?.naphthol, 158. 


6- 




-3*nitro-4‘hydroxybenzaldehyde 




> 9> 


-4* ,, -3- „ ,, 

-2* ,, -3- ,, ,, 


4- 




-2 .nitrophenol, 144. 


2- 


> *9 


^4- „ , 145. 

-2- „ , 145. 


6- 


9 H9 


4- 


9 99 


-2-nitroresorclnol, 156. 


3* 




-5-nitrosalicylaJ aniline, 193. 


3* 


9 9r* 


-5-nitrosalicyllc acid, 168. 


4- 


9 99 


-2-nitrotoluene, 107. 


6- 




-2- ,, ,, , 107. 


5- 


9 99 


-2- „ ,, , 107. 


5- 


9 99 


-3* „ „ , 108. 


4- 




-3- „ „ , 108. 


6- 




-3- „ „ , 108. 


2* 




-4- „ „ , 108. 


3- 


* 9t 


-4- „ „ , 108. 



p-Chloromercurl phenetole, iodide, 137, 113; bromide, oxide, 143. 
o* Chloromercuri phenol, 137, 139, 140, 141. 

„ „ „ , acetyl derivative, 139. 

,, „ ,, , sodium salt, 137, 140. 

{2-Chloromercuriphenyl.a-aanino) propionic ethyl ester, 127. 
2-Chloromercuriphenylglycine ethyl ester, bromide, iodide, 127. 

5-Chloromercuri-2^phenyl thiophene, 99. 
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5* 



3 (?)- 

3{?)- 

3- 

3- 

o- 

2 - 

5- 

0- 

0- 

m- 

P 

P- 

5 

2 



fy 

99 



9 > 

9y 

9 > 

99 

99 



2 : 6 - 

N- 

(2:4. 
2 ; 6 . 
2:4 
2:4 
N 
2:4 
2:6 

4 : 6- 
4:6- 
2 : 6 - 
2 : 6 - 
4:6- 

3.5. 

3 :4- 

4 : 6- 
2 : 6 - 
3 :4- 



Chlororciercxiri-2-?i‘propyl thiophene, 100. 

-3-isopropyl „ ,100. 

resorcinol, 138, 155. 
salicylaldehyde, 193.. 
salicylal anffine, 193. 
salicylic acid, salts, bromide, iodide, 166. 

,, methyl ester, 167. 
thiolbenzoic acid and ethyl ester, 165. 

„ „ thiophene, 70, 83, 97, 98, 222. 

„ ,, -o-toliddine, diacetyl derivative, 129. 

Chloromercuri thymol, sodium salt, 161. 

Chloropheny^lycollic acid, mercuration of, 191. 

Chlorophenylmercuric acetate, chloride, 104. 

„ 9* 99 J 104. 

99 9 9 9 9 9 1 04. 

„ „ chloride, 78, 104. 

Chloro-l-phenyh3-methylpyrazolone, mercuration of, 213. 
Chlorotoluene*5-sulphonic acid, mercuration of, 109. 

Cinnamic acid, mercuration of, 161, 176. 

Citraconic acid, „ „ , 67. 

■Cravoxy-propionic acid, mercuration of, 191. 

■Cresol „ „ „ ,, , 137, 149. 

„ 9 9 99 99 9 9 9 1 37, 149. 

„ methyl ether, mercuration of, 137; 150. 

Crotonic acid, mercuration of, 67. 

Cumylmercuric chloride, 95. 

Cyanoacetic acid and esters, mercuration of, 62. 

C^anomercuri methyl-2 : 4-dtphenyl-selenophene, 217. 

,, „ „ "1 : 2-dihydrobenzofurane, 217, 

-Cyanomercurimethyl-4-methyl-l ; 2-dihydrohenzofurane, 217. 
Cyanomercuri.salicylic acid, 168. 

C^clohexenecarboxylic ester, mercuration of, 68. 

Cyclohezylmercuric bromide, 96. 

„ ,, chloride, 87, 95. 

„ cyanide, iodide, sulphide, 96. 
mercury compoimds, 81, 95, 96. 

Cyclomercuri pentamethylene, 208. 

C^clomercuri polymethylenes, 208-210. 

C^clopentadiene, reaction with mercuric chloride, 190. 
Dlacetoxymercurl-aceto-o-toluldide, chloride, bromide, iodide, 130. 

., 99 9 9 ,, 131. 

99 99 99 99 131. 

isoDiacetoxymercuri-55‘aminobenzoic ethyl ester, 162, 173, 174. 
Dlacetoxymercuri-p-aminobenzoic acid ethyl ester, dichloride, acetyl derivative,! 76. 
„ „ •a-amino) propionic ethyl ester, 127. 

,, „ -jo-isoamylphenol, 153. 

„ „ aniline and acetyl derivative, 116, 117. 

„ „ anisole, 142. 

-isoDiacetoxymercuri-anthranilic methyl ester, 162, 168. 
-Dlaeetoxymercurl-anthranilic methyl ester, 169. 

-^)-<ert.-butylphenol, 153. 
carvacrol, 152. 

-o-chloroaniline, 117. 

• 0 - „ „ and acetyl derivative, 117, 118. 

-p.cresol, 149. 

-p* „ compound with diazotlsed aulphanilic acid, 206. 

-o-cresol, chloride, nitrate, 149. 

-o-cresolphthalein, 207. 
dimercuri-4-hydroxybenzaldehyde, 194. 

„ -2.nitro-3-hydroxybenzaldehyde, 195. 
•4.ethoxy-l-diacetoxymercuriphenyl-2 ; 3-^methyl-5-pyrazalone, 
211. 

guaiacol and derivatives, 154. 
‘p-hydroxyphenyl.trlmethylammonium acetate, 148, 

• 4.methoxy.l-diacetoxymercuriphenyh2 ; 3 -dimethyl-5- pyrazo- 
lone, 210, 



y> 
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dichlorlde, dlbromide, 
128. 



Diacetoxymercurl-4*metIioxy- 1 • diacetoxymercurlphenyl-3- methyl . 2 -ethyl • 5-pyra- 
zolone, 211. 

„ ., -4- methoxy-1 -acetoxymercmiphenyl - 3 - methyl- 5 - pyrazolone 

and dlchlol'o compound, 212. 

,, ,, -4- methoxy-1. diace toxymercurlphenyl - 3 • methyl - 5 - pyra- 

zolone, 212. 

» ,. -4-metlioxy-l-[diacetoxymelicurl-o-tolyll-3-methyl - 2 - ethyl, 

pyrazolone, 211. 

>j , -4 -methoxy-1 -[diacetoxymercuri.^j-tolyl]. 2 :3-dimeth yl-5-pyrazo- 

lone, 211. 

„ -N-methylthiodiphenylamine, 126. 

„ „ -a-naphthol, 138, JS7’. 

„ „ -a-naphthylamine. 111, J32. 

„ „ -TO-nitroaniline, and acetyl derivative, 119. 

,, ,, -p- ,, ,, , 120. 

„ „ -5-nitrosalicylic acid, 168. 

-Diacetoxyniercuri phenetole, 144. 

,) „ phenol, dichloride, 140. 

-Dlacetoxylnercuriphenyl-a-amino) butyric ethyl ester, 

di-lodide, 128. 

„ „ „ ) iso valerianic ethyl ester 

Diacetoxyniercuri resorcinol dimethyl ether, 138, IJ6. 

,, „ salicylal aniline, 193. 

„ „ salicylaldehyde, 192. 

,, „ thiophene, 98. 

„ „ thymol, s odium salt, anliydride, hydroxide, cliloride, nitrate, 151. 

„ „ - 0 -toluidine, 129. 

„ „ -J»- „ , hydroxide, chloride, bromide, 130. 

,, ,, -?w- ,, ,, ,, ,, , 130. 

,, ,, -o-tolylglycine ethyl ester, 129. 

„ „ -2:4: 6-tribromobenzeneazo-phenol, 203. 

Diallyl barbituric acid, raercuration of, 68. 

Diazo-acetlc esters, „ „ , 65. 

Dibellzalacetone, „ ,, , 197. 

Dibromoethylene, reaction with mercuric cyanide, 188. 

Dibroinofluorescein, mercuration of, 208. 

Dibromomercuri-di-isopropyl ether, iodide, 185. 

2 : 4-Dlchloroaniline, mercuration of, 118. 

2 : 5-Dichlorobenzene sulphonlc acid, mercuration of, 109. 

3 : 5-Dichlorodimercurl-4-hydroxybenzaldeliyde, 194. 

2:6- „ „ -4-nitro-3-hydroxybenzaldeh.yde, 195. 

.gywi.-Dlchloroothylene, reaction with mercuric cyanide, 188. 
?-Dlchloromercurl-TO-amlnophenyl-trime.thylammoniuni acetate, 149. 

,, benzophenone, 198. 

,, -o-ohlor aniline and acetyl deriv., 117. 



3:4 

3 : 4 ^ 

3 

3:4 

3.4 

2 :4- 
2 ;4 

O'p- 
2 : 6 - 

2 :4 

(2:4 

( » 

4:6 

2:5 

3:5 

2:5 

2 -.6 

2 : 6 



(4:6) 

4:6- 

4:5- 

2 : 6 - 

2:5- 

3 ;5- 
(2 -. 4- 
3:5- 

2 :5- 



- 0 - 



118. 



2:6 

3:6 

2 : 6 - 



„ cyclopentadienc, 190. 

„ 3* : 4-^methyIthiophene, 86, 102. 

„ 3-ethylthiophene, 85. 

„ fluorescein, 208. 

„ -o.hydroxyphenyl-trlmethylammonium anhydride, 148. 

,, phenyl-a-amino) propionic ethyl ester, 128. 

„ pyricine, 213. 

„ resorcinol, 138, ISO. 

„ thiophene, 84. OS. 

„ „ , reactions of, 70. 

Dlchloromonohydroxy-trimercuri-acetic acid, 188. 

Dioyclopentadicne, reaction with mercuric chloride, 190. 

p-Diethylaminophenylmercuric acetate, chloride, oxide, hydroxide, {Quaternary 
ammonium compound, 124. 

Diethylaniline, mercuration of, 124. 

Diethyl diallylmalonate, mercuration of, 68. 

Diethyl o-phenylenediacrylate, mercuration of, 68. 
-Dlformoxydimercuri-4-mtro-3-hydroxybenzaldehyde, 195. 
-Dihydroxydimerouri-4-hydroxybenzaldehyde, 194. 

- „ -4-lmino-dihydropyriniidine-3-acetic acid, mercuration of, 192. 
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Dihydronaphthalene, mercuratlon of, 103. 

Dlhydroxybenzofurane, mercury derivatives of, 215. 

2 : 4‘Dihydroxymercuri aniline, 117. 

„ „ -anthranillc anhydride, 170. 

4 : 6- „ „ -o.chloroaniline, 117. 

4 ; 5 ,, ,> *u- ,, ,, 118. 

„ „ .dihydroxyazobenzene sulphonic acid, 204. 

„ „ fluorescein, 207. 

„ „ hydroxyazobenzene sulphonic acid, 204. 

,, ., -iodomercuri acetic acid and derivatives, 61. 

„ „ -jS-naphthol-azobenzene sulphonic acid, 204. 

(2 ; 4-Dihydroxymercurlphenyl.a-amino) butyric anhydride, 128. 

( » » » » ) propionic _ „ , 128. _ _ 

Dihydroxymercuri-o-toluidine, acetate, chloride, bromide, iodide, acetotoluldide, 
130. 

1 : 8*Dihydroxynaphthalene.3 : 6 -disulphonic acid, reaction with mercuric salts, 158. 
aa-Di-iodomercuri camphor, 198. 

j3-Dlmethylaminonaphthalene-6-sulphonlc acid, reaction with mercuric acetate, 
134. 

m-Dlmethylaminophenol, 137, 147. 
m-Dimethylaminophenyl acetate, 147. 
p.Dimethylamlnophenyhuercuiic acetate, methiodide, methochlorlde, 121. 

„ , quaternary ammonium compound, 121. 

chloride. 111, 121, 122. 
hydroxide, 121, 122. 

Dimethylaniline, mercuratlon of, 121. 

,, anthranillc methyl ester, mercuratlon of, 172. 

Dlmethylheptenol, mercuratlon of, 201. 

4 ; 6-Dlmereuri-bis-o-chloroaniline, 117. 

4:5- ., „ „ ,118. 

Dimercurimethylene iodide, 40, 45. 

Dimercury-bis-diphenyl, 81. 

-3 : 3''(or 4’’)-diethyl-2 : 2'' : 5 : 5'.dithienylene, 85. • 

-2 :2^5 ; 5'-dithienylene, 84. 

‘3 : 4 ; 3' : 4'-tetramethyl.2 : 2’’ : 5 : 5'*dithienylene, 85. 

2 : 4-Dinitrodimercuribenzylidene oxide, 107. 

4 : 6-Dinitrophenol, mercuratlon of, 136, 14S, 

Diphenic acid, mercuratlon of, 68. 

Diphenyl, mercury derivatives of, 81. 

Dlphenylamine, mercuratlon of, 125. 

Di(phenylmercurl)-amine, compounds of, 91, 92. 

Dlphenylmethyl ketone, mercuratlon of, 196. 

2 : 4-Diphenyl-selenophene, mercury derivatives of, 217. 

2 : 4-Diproplonoxydlmercuri-6-nitro-3‘hydroxybenzaldehyde, 195. 

Dipropylene oxide dimercuric hydroxide and salts, 51, 52. 

Ethane hexamercarbide, 47, 50, 53. 

„ „ „ , dihalides, perchlorate, dinitrate, sulphate, plcrate, 48. 

„ ,, „ hexachloride, hexa-iodide, 48, 49. 

Ethanol mercuric chloride, sulphide, sulphate, 181, 182. 

„ „ bromide, 58, 181. 

Ethene mercuric iodide, hydroxide, anhydride, nitrate, sulphide, 182. 

Ethyl acetoxymercuri-ethoxy-chaulmoograte, 68. 

Ethyl alcohol, mercuratlon of, 47. 
p.Ethylaminophenylmercuric acetate, chloride, 123. 

„ „ hydroxide, quaternary ammonium compound, 123. 

Ethylanthranilic ethyl ester, mercuratlon of, 172. 

Ethyl »*butylacetylene, mercury derivatives of, 188. 

Ethyl chloromercuri-aa'-nitro-acetate, 63. 

Ethyl diallyl acetate, mercuratlon of, 68. 

Ethyl diphenylamine-2-carboxylate, mercuratlon of, 68. 

Ethylene, reaction with mercuric salts, 181-184. 

Ethyl ether mercuric chloride, carbonate, 182. 

„ „ „ bromide, 183. 

Ethylhexenol, mercuratlon of, 203. 

Ethyl hydroxymercurl-ocf-nitro-acetate anhydride, 63. 

Ethyl hydrazinecarboxylate, mercuratlon of, 191. 
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Ethyl mercuric ethyl xanthate, 191. 

„ acetate, bromide, 34. 

„ chloride, 33, 35, 41, 42, 87. 

„ hydroxide, 35, 41, 42. 

„ Iodide, 21, 30, 33, 35, 42. 

„ 2:4: 6-trmitrophenyl, 42. 

Ethyl propyl acetylene, mercury derivatives of, 188. 
Ethyl thioiiiercuric chloride, 88. 

Eugenol methyl etlier, mercuration of, 137, 755. 
Fluorescein, mercury derivatives of, 207. 

Formic acid. „ „ „ , 58. 

Furane, mercuration of, 213. 

Gualacol, mercuration of, 154. 

Gualacol-propionic acid, mercuration of, 191. 
Halldemercilri*2-nitrophenols, 145. 
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Halogeliated benzenes, mercuration of, 104. 

Heptylraercuric bromide, 44. 

Hexylmercuric bromide, 44. 

: 6 ; 2’' : 4' : 6'-Hexanltrodiphenyl, reaction with mercuric chloride, 105. 

Hydrazines, mercuration of, 191, 192. 
Hydroxy-3‘acctoxyinercuric*5*woamylbenzaldehyde, 196. 

„ -3- „ „ *5'ie?-i.-butylbenzaldehyde, 195. 

„ *3‘ „ „ -l-trlacetoxymercurl-phenyl-2 ; 3 : 4-trimethyl.5‘pyra* 

zolone, '212. 

-5-isoaniylbep?aIdeliyde, mercuration of, 196. 

HydroxyaZiobenzenes, mercury derivatives of, 205, 206. 

■Hydroxybenzaldehyde, mercuration of, 193. 

,, „ >, ,, i 194. 

Hydroxy-5'teri.-butylbenzaldehyde, mercuration of, 195. 

„ -3‘Cliloromercuri-l-trichloromercuriphenyl*2 : 3 : 4-trimetliyl -5-pyrazolone, 
212. 

Hydroxydimercuri-acetic acid and derivatives, 59. 

Hydroxyniercuri-acetic acid, anhydride of, salts of, 59, 60. 
Hydi‘oxymerciiri-aceto-p-toluidlde anhydiide, 131. 

„ „ *acetoxymercuri-bcnzeneazo-phenol anhydride, 203. 

„ „ „ „ -4-nltro-3-hydroxybenzaldeliyde, 195. 

,, t> » » *2- „ -3- „ „ 195. 

-2- „ „ -thiophene, 101. 

-p-amlnobenzolc anhydride, 162, 173. 

*2-auisylindole, 214. 
anthrandlic anhydride, 170. 
benzoic acid, anhydride of, 162, 164. 

„ ,, , salts of, 163. 

-2-carboxyl-l-methylindole, 214. 
o-chloroaniline, 117. 

-p* ,, 1, ,118. 

cyanoacetlc acid, salts, ethyl and methyl ester, 62. 
diacetoxymercuri acetic acid, anhydride of, 60. 

„ ,, „ „ , nitro-acetate from, 60. 

-dibromofluoresceln, 208. 

-2 :4-dichloroaniline, 118. 

-4 ; 6-dinitrophenol and sodium salt, 146. 

-ethosy-chauimoogrlc acid, anhydride of, 68. 
ethyl malonic methyl ester, 66. 
ftuorescam, 207. 

-;5-hydroxy-M-butyric acid, anhydride of, 67. 

-;S-hydroxypropionic acid, anhydride of, 66. 
-|8-hydroxy-;S-phenylpropionlc acid, anhydride of, 162, 176. 
-2-hydroxyquinoKne-8-carboxylic acid, 214. 

-8- „ „ -5-sulphonic acid, 215. 

-o-iodoaniline, 118- 
-p- „ . 118. 

-jS-methoxy-j8-phenylpropIonic acid, anhydride of, 162, 177, 
178. 

-methylanthranilic anhydride, 171. 
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l*HydroxymercurImethyl-l : 2.dihydrobenzofurane, 216. 

1* „ -6-methyl-l : 2-dihydrobenzofurane, 217. 

1- }j j> *4‘ -1 ; 2 „ ,, ,, , 217. 

Hydroxymercuri methyl malonic escer, 65. 

„ „ „ ,, methyl ester, oJ. 

„ .naphthionic acid, sodium salt, 134. 

„ -p-nitrobenzolc acid, 161, 165. 

„ -4-ctei-mtro-2 : 6-dinitrophenol, anhydride and derivatives, 
147. 

„ -3‘mtro-4-hydroxybsnzaldehyde, 194. 

„ •2-nitrophenol and sodium salt, 144. 

„ -2-aci‘nitrophenol, anhydride of, 144. 

„ A-aci- „ , anhydride of, pyridine double salt, 145. 

„ -4-nitrophenol, sodium salt, 145. 

,, -4-aci.nitro*6-nitrophenol, anhydride, and derivatives, 146. 

„ phenolphthalein, 207. 

„ phenylglycine anhydride, 127. 

„ .2-phenylq[uinoline.4.carboxylic acid, sodium salt, 215. 

,, propionic acid, anhydride of, 65. 

,, V >> >s tt > 65. 

„ -salicylic acid, anhydride of, 162, 166. 

„ „ „ , ammonium salt, 166. 

„ -salicylsulphone-phthalein, 208. 

„ thiolbenzoic acid, anhydride of, 165. 

„ „ -o-tolylglycine anhydride, 129. 

4-Hydroxy-2-methyl-5-woprojrylbenzaldehyde, mercuration of, 152. 

4- ,, -3* ,, -6- ,, ,, ,, , 153. 

^-Hydroxynaphthoic acid, mercuration of, 161, 178, 179. 

„ „ „ -4 : 7-disulphonic acid, mercuration of, 179. 

p. Hydroxy- m-nitrophenyl carbinol, mercuration of, 159. 
m-Hydroxyphenyl-trimethylammonium hydroxide, mercuration of, 137, 148. 
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8-Hydroxyquinoline, mercury derivatives of, 215. 

Indandione, mercuration of, 198. 

Indole, mercury derivatives of, 214. 

5-Iodo-acetylguaiaco3, mercuration of, 154. 
o.Iodoanihne, mercuration of, 118. 
p-lodobenzene sulphonic acid, mercuration of, 109. 
o.Iodomercuri anisole, 141. 

-anthranilic acid, 170. 

-2-bromothiophene, 99. 

-2-chlorothiophene, 98. 
cineol, 201. 

-2 : 5-dimethylthiophene, 102. 

-3 : 4- „ „ . 84. 

-2 ; 4-diphenylselenophen^ 217. 
-2.ethylthiophene, 101. 
-3-hydroxy.tetrahydronaphthalene, 103. 
-o-iodoaniline, 118. 

-P- „ , 118. 

-2-iodothiophene, 99. 

„ -methylanthranilic acid, methyl ester, 162, 168. 
l-Iodomercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216. 
l-Iodomercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216. 
” fy "5- ,, ,, ,, ,, , 216. 

y> yy yy *4- ., ,, ,, ,, , 216. 

5-1 odomercuri-2 . methylthiophene, 101. 

4- ,, -2-nitrotoluene, 107. 

o- „ phenetole, 143. 

3- „ pyridine, 213. 

a- ,, im>w-terpineol, 201. 

yy yy yy , 201. 

2* „ thiophene, 98, 222. 

lodomethylmercuric iodide, 45. 
p-Iodophenylmereuric acetate, 104. 

Itaconic add, mercuration of, 67. 
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Ketones, mercuratlon of aliphatic, 54. 
Maleic acid, mercuratlon of, 67. 

Malonic acid and esters, mercuratlon of, 66. 
Z-Menthyl cinnamate, mercuratlon of, 178. 
o-Mercaptomercurl benzoic acid, 163. 
iV-Mercurl*aniline, 113. 
p-Mercuri-bls. acetanilide, 125. 
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-3-aminobenzolc acid, 173. 
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•2- „ „ „ 172. 
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-p- „ „ ethyl ester, 176. 
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•2- ,, „ methyl ester, 161, 
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-4.aminophcnol, 147. 


•P- 
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-aniline, 114, 116. 
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•o.anisole, 137, 141. 
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-p- „ , 141. 
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•anthranillc methyl ester, 171. 


0- 


ft 


-benzoic acid, 164. 


P* 




,, ,, , 164, 
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„ methyl ester, 164. 
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benzylandliile, 124. 
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-p.bromodimethylaiiiline, 123. 


p- 




.o.cliloroaniUne, 117. 
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-2 : 4-dlchloroaniline, 111, 118. 


■p. 
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-dlethylanilinc, 124. 
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„ „ , quaternary ammonium compound, 124. 


p- 


99 


• dimethylaniline. 111, 121, 122. 


>> 
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„ „ , condensation with thionyl chloride, 122, 
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,, „ , quaternary ammonium compound, 122. 
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- (dimethyl .p-toluidine), 132. 


p- 


99 


diphcnylaniine, 125. 
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{hydi'oxyniercuri-,8-naphthol-azobenzene-sulphonic acid), : 
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.m-hydi’oxyphenyl-trimetliylanimonium acetate, 148. 


P‘ 
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-methyldiphonylamine, 126. 


P- 
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-monoethylardline, 123. 


» 


99 


-monomethylaniline. 111, 12L 


0, 


99 


-pmltroaniline, 120. 
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(nitrobcnzene-azosallcyllc acid), 205. 
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99 


•p-nltrobenzolc acid and sodium salt, 165, 


2:2'- 


99 


-4-nitrophenol, 146. 




99 


-o-phenetole, 143. 




99 


-P- » . 143. 




99 


-o-phenol, 137, 140. 




99 


„ ,, diacetate, 139. 




99 


-salicylic acid, 166. 




99 


„ „ ethyl ester, 168. 






„ „ methyl ester, 167. 




99 


.o-thiolbenzolc acid, 161, 165. 



„ -p-toluidine, 131. 

„ „ „ , condensation with dJnitrophenylpyiidinium chloride, 131. 

Mercuilc alkyl xanthates, 190, 
a-Mercuri camphor oxide, 200. 

4:6* „ -o-ohloroaniline, 117. 

4 j 5* ,, ,, ,, ,, , 118. 

a- „ -di-^-anhydrohydroxy-/3.phenylpropionic acid, 162, 17S. 

„ diethylene oxide, 183. 

1 : 1-Mercurldimethylcnc.bis-l : 2-dihydrobenzofurane, 216. 

1 ; 1- „ „ -bis-4-inethyl-l : 2-dihydrobenzofurane, 217. 

a- & jS-Mercuiidimothylhcptaiiediol ioclidos, 201, 202, 

Mcreuri-hydroxymereuri-acctio acid, 60, 6L 
3 : 3'- „ -inercazine, 126. 

Mercurlphenyl- /5-naphthylainilio, 1 33. 

Mercuro -diethylene oxide, 183. 

Mercury p-anisyl acetyllde, 189. 

Mercury, aromatic compounds of types, R^Hg, E.HgR', RHgX, 69. 

„ benzyl acetylide, 189. 
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Mercuiy, bls-aceto-diethylmethane, 65. 

„ bis-acetodimethylmethane, 64. 

,, bis-a-aoetyl-a-ethylpropyl, 65. 

,, bis-a-acetyl-a-isopropyl, 64. 

„ bis-benzoylmethane, 63. 

„ bis-diazo-acetlc ethyl and methyl esters, 66. 

,, -bis-3-dimtro(?)-mercazine, 126. 

„ bis-diphenyl, 69, 81. 

(, bls-malonic methyl ester, 66. 

,, bis- propionic acid, 65. 

„ bromoacetylide, 188. 

„ butyl isoamyl, 87. 

„ „ phenyl, 87. 

„ ohloroacetylide, 188. 

„ di*isoamyh 25, 44, S8, 360. 

,, di-ierf.-amyl, 29, 38. 

„ 5 ; 5^-di-isoamyl-2 ; 2^dithienyl, 83, 100. 

,, dibenzyl, 69-71, 79, 86, 95. 

„ 5 ; 5''- dibenzyl-2 .- 2^-dithlenyl, 83, 101. 

„ 5 : 5'-dibromo-2 2'- „ , 83, 100. 
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di-^.bromophenyl, 69, 78. 
di-n-butyl, 29, 37. 
di-isobutyl, 29, 37. 
di-sec-butyl, 29, 30, 37. 
di-iert. -butyl, 29, 38. 

5 ■. 5'^-dichloro-2 ; 2^-dithienyl, 83, 99, 100. 

5 ; 5^-dichloromercurl-2 .- 2'-dithienyl, 84. 

di-p-chlorophenyl, 69, 78. 

dicumyl, 8L 

dicyclohexyl, 69, 81, 95. 

diethyl, 4, 16, 21, 29, 30, 33, 34, 41, 42, 69, 71. 

„ , action of metals and metaUlc chlorides on, 30. 

di-w-heptyl, 39. 

5 :,5'-di-iodo-2 : 2'-dithienyl, 83, 100. 
dimesltyl, 80. 

-dimethyl, 3-5, 15, 29, 30, 34, 39-41, 232. 

„ , action of metals and metallic chlorides on, 30. 

di-4-methylcyclohexyl, 81. 

5 : 5'^-dimetfcyl-2 : 2'-dithienyl, 83, 101. 
di-a-naphthyl, 69, 70, 81, 96, 228. 
di- ^-naphthyl, 69, 82. 
o-o'-dinitrodiphenyl, 105. 
di-o-nitropheny], 69, 78. 
di-?i-octyl, 30, 39, 44. 
di-sec-octyl, 29, 39. 
dipentamethylphenyl. 80. 

diphenyl. 5, 6, 12, 13, 15, 16, 26, 69, 71, 72-74, 78, 86-89, 91-93, 220, 227, 
234, 235, 242, 268, 298, 324. 

„ , reactions of, 74-77. 

di-«-propyl, 29, 30, 36, 43, 360. 
di-isopropyl, 29, 37. 

5 : 5'-di-?i-propyl-2 : 2'-dithienyl, 83. 
dipseudocumyl, 69, 80, 95. 

2 : 2^-dithienyl, 70, 82, 98, 222. 
di-o-tolyl, 69, 71, 78, 86. 93. 

„ -?K- „ , 69, 78, 93. 

„ -p- „ , 15, 69, 78, 93, 94. 
di-o-xylyl, 80. 

„ -m- „ , 69, 80, 228. 



» -P- „ , 80. 

„ ethyl benzyl, 71, 85, 87. 

„ „ naphthyl, 29, 87. 

„ „ phenyl, 71, 85. 

,, fulminate, 53. 

„ hexahydrobenzyl acetyllde, 189. 

„ 2 : 4 : 6 : 2' : 4' : 6'-hexanitrodlpllenyl, 78. 
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Mercury iodoform, 45. 

„ metliyl benzyl, 87. 

.. » butyl, 87. 

>, „ cyclohexyl, 87. 

„ „ mesityl, 87. 

„ naphthyl, 87. 

„ „ phenyl, 87. 

„ phenoxymethyl acetylide, 189. 

„ phenyl acetylide, 189. 

„ „ o-anlsyl, 87, 

„ „ benzyl, 85. 

„ „ cyclohexyl, 87. 

„ „ ethyl acetylide, 189. 

„ „ mesityl, 87. 

„ „ naphthyl, 87. 

„ ,, thienyl, 86. 

„ » ^)-tolyl, S6, 87. 

„ propyl butyl, 87. 

„ 3:4:3^; 4’’-tetramethyl*2 ; 2' •dithienyl, 84. 

„ 3:5: 3': 5'. „ „ -2:2^ „ ,84. 

2: 5. ‘2^: 5^* „ „ -3:3^- „ ,84. 

„ 2j4:2'.‘4^ „ „ -5 : 5'. „ ,103. 

„ 2:4:2': 4'-tetranitrodibenzyl, 80. 

„ 2:5 ; 2^ : 5'*tetraphenyl*3 : 3'-dithienyl, 84, l03. 

„ ^)-tolyl acetylide, 189. 

„ o-tolyl benzyl, 86, 71. 

„ tribromoethylene, 189. 

„ tlichloroethylene, 189. 

Mesitylmercuric chloride, 87, 95, 

Methine trlmercurlc iodide, 45. 

Methyl acetylene, interaction with mercuric salts, 187, 188. 
jj-Methylaminophenylmercuric acetate, bromide, chloride, hydroxide, nitrate, sul- 
phate, 120, 121. 

Metliylantliranilic methyl ester, mercuratlon of, 171. 

Methyl chavicol, mercuration of, 143. 

4-Methylcyclohexylmercuiic chloride, bromide, cyanide, hydroxide, iodide, 96, 
Methylene blue, mercuration of, 206, 

Methylene dimercuric iodide, 45, 

Methyl ethyl ketone, mercury derivatives of, 57. 

Methylheptenone oxime, mercuration of, 202. 

Methyl hydrazine carboxylate, mercuration of, 192. 

N-Methylindole, mercuration of, ,214. 

2-Methylindole, „ „ , 214. 

Methylketole, ,, ,, , 214. 

Methylmercuric acetate, 32, 41. 

„ „ chloride, 32, 89, 87. 

„ „ hydroxide, 39, 41. 

iodide, 21, 29-33, 40, 46. 
salts, 39-41. 

ethyl and methyl xanthate, 191. 

Methylphthalylindole, mercuration of, 214. 

3«Me thy 1-5 -pyrazolone, „ ,, , 213. 

N’-Methylthiodiphenylamine, mercuration of, 126. 

Monoacetoxymercuri-furane, 214. 

MonoalkylaniHnes, mercuration of, 120, 

Monobromoethylene, reaction with mercuric acetate, 190. 

Monochloroacetic acid, sodium salt, reaction with mercuric oxide, 62, 
Monochloroacetone, reaction with mercuric sulphate, 54. 
Monochloromercuri-6-nltro-3-hydroxybenzaldehyde, 195. 

Monoethylaniline, mercuration of, 123- 

Monoformoxymercurl-4-nitro-3-hydroxybenzaldehyde, 195. 

Monomercuric methylene iodide, 45. 

,, „ chloro-iodide, 45. 

Monomethylaminonaphthalene-6-sulphonic acid, reaction with mercuric acetate, 
134. 

Monomethylanilme, mescuration. of, 120. - 



t9 




400 



ORC4ANOMETALLIC COMPOUNDS. 



1 



Naphthiouic acid, mercuratioii of, 134. 
a-Naphthol, mercuration of, 156. 

B- „ „ „ , 158. 

„ fatty acids, mercuration of, 191. 

1* „ •4-gulphonic acid, mercuration of, 157, 

1. „ .5- „ „ , reaction with mercuric acetate, 157. 

2- „ -6- „ „ , mercuration of, 158. 

Naphthylamines, mercuration of, 132. 

Naphthylamine sulphonic acids, mercuration of, 133, 134, 

(8-Naphthylamine, „ „ „ ,;,111. 

,, „ „ -6-sulphomc acid, mercuration of. 111, 133. 

:5‘ „ „ -sulphonic acid, mercuration of. 111, 134. 

a-Naphthylmercuiic acetate, 96. 

„ „ „ bromide, 29, 33, 81, 96. 

butyrate, 97. 

chloride, 71, 82, 87, 96, 231. 
formate, 97. 
iodide, 82, 96. 
nitrate, 72, 82, 97. 
sulphide, thiocyanate, 97. 

Naphthyl mercury compounds, 81, 82, 96, 97. 
Nitrito-dimercuracetaldehyde, 53, 187. 

o-Nitro-p-acetoxymercurl dimethylaniline, chloride, 123. 
p~ „ - 0 - „ „ monoethylanihne, chloride, 123. 

,, „ „ „ „ monomethylanih'ne, 121, 123. 

o-Nitroaniline, mercuration of, 118. 

jy 97 99 ,9 9 11^. 

P- ,9 ,, „ ,, , 119, 120. 

o-Nitrobenzal dimercuric hydroxide, anhydride of, 106. 

1-p-Nitrobenzatomercurimethyl-l : 2-dihy(hi'obenzofurane, 217. 

1-J3- „ „ ,, -6-methyl-l : 2-dihydrobenzofurane, 217. 

Nitrobenzene, mercuration of, 104, 105. 
m> „ „ sulphonic acid, mercuration of, 109. 

Nitrobenzoic acids, mercuration of, 165, 166. 
o-Nitrobenzylmercuric chloride, 106. 

p- 9 , ,, 9 , , 107. 

p-Nitro-o-chloromercuri monomethylaniline, 121. 
o-Nitrodimercurlbenzylidene oxide and salts, 106. 

3- Nitro-4-hydroxybenzaldehyde, mercuration of, 194. 

6- „ -3- „ „ „ ,,,194. 

4:* „ *3* ,, ,, „ ,, , 195. 

o-Nitrophenol, mercuration of, 136, 144. 

'P~ ,9 9, 99 9 145. 

o-Nitrophenylmercuric chloride 104. 

,, ,, ,, , 105. 

P* 99 :f 99 9 1 05. 

2-Nitroresorcinol, mercuration of, 156. 

5-Nitrosalicylaldehydfi, mercuration of, 192. 



3- _ „ „ „ „ , 192. 

5-Nitrosalicylic acid, „ ,, , 168. 

p-Nitroso-o-chloromercuri aniline, 137, 139. 

9 9 9 9 ,9 phenol, 137, 139. 

Nltrotoluenes, mercuration of, 72, 105-108. 

«*Ociylacetylene, mercuration of, 188. 
sec.-Octylmerourlc bromide, 30, 44. 

„ „ hydroxide and salts, 44. 

Olefines, mercuration of, 180-185. 

Oleic acid, ethyl ester, mercuration of, 68. 
1-Oxalato-di-mercurimethyl-l *. 2-dihydrobenzofurane, 217, 

Oxindone, mercury derivatives of, 198. 
Penta-acetoxymercuri-acetanilide, 14, 125. 

Pentamethylene-1 : 5-diniercuri-dibromide, dichlorlde, dihydroxide» 
acotylide, sulphate, sulphide, 209, 210. 

Pentamethylene.l ; 5-dimercuridiphenyl, 210. 
Perchloratomercuracetaldehyde, 53, 187. 

Phenacylmercuric chloride, 63, 196. 



di-iodide» 
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Phenetole, mercuratdon of, 137, 143. 

Phenol, „ ,,,136,735. 

„ disulphonic acid, mercuration of, 166. 

Phenolphthalein, mercuration of, 207. 

Phenylacetylene, mercury derivatives of, 189. 

Phenyl o-chloromercuriphenyl ethyl carbinol, 197. 

Phenyldimethylpyrazolone, mercuration of, 210. 

Phenylethylene, mercury derivatives of, 190. 

Phenylethylmethylpyrazolone, mercuration of, 211. 

Phenylmercuriamine acetate, chloride, cyanamide, nitrate, sulphate, 92. 

Phenylmercuric acetate, 72, 74, 75, 90. 

,, „ amine, 328. 

„ „ bromide, 73. 75, 88. 

„ „ carbonate, 90. 

„ „ chloride, 71, 74-77, 86, 87. 

„ „ cyanide, hydroxide, 89. 

,, „ formate, 90. 

„ >, iodide, 73-76, 89. 

„ „ myristate, propionate, 91. 

„ „ nitrate, 72, 75, 90. 

„ „ oxide, 75. 

„ „ sulphide, 73, 91. 

„ „ thiocarbonate, thiosulphate, 73, 91. 

„ „ thiocyanate, 74, 89. 

„ „ tiinitrobenzoate, 78. 

Phenyl mercury compounds, 72-78, 85-92. 

„ „ -2:4: 6.trinitrophenyl, 78, 88, 

l-Plienyl-3-methyl-5-pyrazolone, mercuration of, 212. 

1* „ •2:3 *. 4-tlimethyl -5-pyrazolone, mercuration of, 212. 

Phthaleins, mercuration of, 207. 



Picric acid, „ „ , 137, 146. 

Z-Pinene, reaction with mercuric acetate, 200. 

Propanol mercuric chloride, bromide, hydrosulphide, iodide, sulphide, 1 86. 
Propargylmercuric iodide, 45. 

Propionic acid, mercuration of, 65. 

Proplonoxymercuri-4-nitro* 3-hydr oxybenzaldehyde, 1 95. 

Propyl alcohol, mercuration of, 47. 

Propylene, reaction with mercuric salts, 184, 185. 

Propylene glycol mercuric bromide. Iodide, 51. 
iso- Propyl hydroxy mercurhacf-nitro-acetate anhydride, 64. 

9vPropylmercuric bromide, 36, 43. 

„ „ .. chloride, 37, 43, 87, 360. 

„ „ „ ethyl xanthate, 191. 

„ „ „ hydroxide and salts, 43. 

iso- ,, ,, ,, ,, , 43. 

Pseudocumylmercuric chloride, bromide, iodide, 95. 

Purine derivatives, mercuration of, 68. 



Pyrazolones, mercuration of, 210-213. 

Pyridine, „ „ , 213. 

Pyrimidine, reaction with mercuric oxide, 192. 

Pyrrole, mercuration of, 213. 

QuinoHne, mercuration of, 214. 

„ •8-sulphonic acid, mercuration of, 215. 

Quinone-(l)-imide oci- (2 )-nitro-(4)- mercury, 119. 

Resorcinol, mercuration of, 155. 

„ dimethyl ether, mercuration of, 156. 

Safrol, mercuration of, 137, 154, 
tso-Safrol, reaction with mercuric acetate, 155. 

Salicylaldehyde, mercuration of, 192, 193. 

Sahcyl red, mercuration of, 208. 

Salicylic acid and esters, mercuration of, 166-168. 

SaJicyloxy-acetlc acid, mercuration of, 191. 

Salioylsulphone.phthalein, mercuration of, 208. 

SaUoylyl alcohol (saligenin), mercuration of, 168. 

Sodium anhydro-2-hydroxy-3-hydroxymercuri-5-methyl-azobenzene-4''-sulphonate, 
206. 
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Sodium 2)-bromobenzene sulpbonate, mercuration of, 109. 

„ •3-chloromercuri*4*hydroxy-'azobenzeiie-4'-sulpbonate, 205. 

,, -6*bydroxymercuri-2-uitrophenolate, 145. 
l-SodiumtMosulpbatomercurimethyl*l ; 2.dibydrobenzofurane5 217. 

„ ,, „ „ .4-methyl-l : 2.dihydrobenzofurane, 217. 

Sodium p-toluene sulpbonate, mercuration of, 109. 

Starch, mercuration of, 47, 50. 

Stearolic add ester, mercuration of, 68. 

Styrol, reaction with mercuric acetate. 190. 

Styryl ethyl ether, reaction with mercuric acetate, 190. 
Srdphatomercuri-dimethylanthranilic acid, chloride, 172. 
1-Sulphato-mercuridimethylene-bls-l : 2-dihydrobenzofurane, 216. 
o.Sulphidomercuribenzolo acid, 161, 16i. 

„ „ „ „ methyl ester, 164. 

0- Sulphidomercuribenzoyl chloride, 164. 

Sulphidomercuri-salicylic methyl ester, 161, 1Q7. 

Sulphonic acids, aromatic, mercuration of, 108, 156. 

1- Tartrato*di-mercurimethyl-l ; 2-dihydrobenzofurane, 217. 
Tetra-acetoxymercuri-a-acetonaphthalide, 133. 

,, ,, diacetone hydrate and salts, 55. 

„ „ fluorescein, 208. 

„ „ furane, 213. 

2 : 2' : 4 ; 4^‘Tetrachloromercuri-diphenylamine, 111, 125. 
Tetrachloromercurl-furan^ 214. 

Tetrahydroxymercuri fluorescein, 208. 

„ ,, furane, 213. 

Tetramethyldiaminotriphenylmethane.azo-o-chloromercuriphenol, 139. 

2' ; 5'-Tetramethyl.3 i 3'^-dlthienyl, 70. 

Tetra (phenylmercuri) thiourea, 92. 
5-Thiocyanatomercuri-2.isoamylthiophene, 100. 



2:5 









-2-bromothiophene, 100. 






» 


'2-chlorothiophene, 100. 


3- 


>> 




-2 ; 5-dimethylthiophene, 103. 


2- 


>> 


>> 


-3 •. 4- „ „ , 102. 

-2 ; 3- ,, „ > 102. 


5- 




yy 


5- 




yy 


*2 : 4- „ „ , 103. 


3- 




yy 


-2 : 5-diphenylthiophene, 103. 


5- . 






-2-ethylthiophene, 101. 


5- 




yy 


-2-lodothlophene, 100. 



1-Thiocyanatomercurlmethyl-l ; 2.dihydrobenzofurane, 217. 

1- „ „ „ -4-methyl-l ; 2-dihydrobenzofurane, 217. 

5 -Thlocyanatomercuri-2-methylthiophene, 101. 

2 or 5 (?)- „ „ -3- „ „ , 101. 

5- „ „ -2-w.propylthiophene, 100. 

2- ^ „ thiophene, 98. 

Thiolbenzoic acid, mercuration of, 165. 

Thiophene mercury compounds, 72, 82-85, 97-103. 

Thiosalicylic acid, mercuration of, 165. 

Thymol, „ „ , 137, 151. 

p-Thymolaldehyde, „ „ , 152. 

Thymoxyacetic acid, „ 191. 

p-Toluene sulphonic acid, mercuration of, 108. 



»» ,» »> ,, ,, , 109. 

Toluidines and toluidides, „ „, 129. 

l-p-Tolyl-2 : 3-dimethyl-5-pyrazolone, mercuration of, 211, 
l-o.Tolyl-3*methyl-2-ethyl-5-pyrazolone, „ ,,,211. 

Tolylglycine esters, mercuration of, 128. 
o-Tolylmer curie bromide, iodide, 92. 



0- 


yy 


yy 


chloride, 92, 229. 


0- 


yy 


yy 


nitrate, 72, 93. 


0- 


yy 


yy 


sulphide, 93. 


m- 


yy 


yy 


bromide. Iodide, propionate, 93. 


m- 


yy 


yy 


chloride, 71, 93, 229. 


p. 


yy 


yy 


acetate, bromide, carbonate, mercaptan, 94. 


p- 


yy 


yy 


chloride, 71, 76, 78, 86, 87, 93, 161, 163, 230. 


» 


yy 


99 


ethyl xanthat^ 191. 
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p*Tolylmercurlc Iodide, 79, 

„ „ » methyl xanthate, 191. 

„ „ „ nitrate, 72, M. 

„ „ „ 2 : 4 : d.trinitrobenzoate, 79, 94. 

„ -, „ 2:4 : 6-trinItrophenyl, 94. 

„ Tolyl mercury 2 ; 4 ; 6* „ „ ,79. 

Tolyl mercury compounds, 78, 79^ 92-94. 
2-.4:6-Triacetoxymercurl-m-chloroanilme, 118. 

„ „ phenolphtlialein, 207. 

„ „ -m-tolylglyclne ethyl ester, 129. 

Tribromoethylene, interaction with mercuric cyanide, 188. 
Trichloroethylene, „ „ „ , 185, 188. 

Trichloromercurl* acetaldehyde, 1 86. 

„ „ -acetic acid, di, 255. 

„ „ acetone, 187. 



2:4:6- „ , -m-chloroaniline, 118. 

„ „ -methyl ethyl ketone, 188. 

Trihydroxymercuri- acetic acid, 188. 

2:4:6- „ ,, -m-chloroanuline, 118. 

„ „ phenolsulphone-phthalein, 207. 

Trimercuri-aoetic acid, 48. 

„ .diacetone hydroxide and derivatives, 56, 57. 

„ -dlaldehyde hydroxide, 53. 
2:4:6-Trinitrophenol, mercuration of, 146. 
2:4:6-Trlniti‘ophenylmercuric chloride, 78, 295. 

Triolein, mercuration of, 146. 

Vanillin, mercuration of, 154. 

Vinyl oxynierciirochloride, 186. 

Dt-Xylylmerciiric chloride, 80, 95. 

Xylyl mercury compounds, 80. 



Boron. 

i«o-Amyl boric acid, 224, 226. 
o-Anisyl boric acid, 230, 

Benzyl boric acid, 95, 221. 

„ „ „ , isobutyl ester, 231. 

Boron o-amsyl dichloride, 228. 

„ P- „ ,> , 228. 

„ diethyl chloride, 224. 

„ „ ethylate, 225. 

„ „ hydroxide, 224. 

„ diphenyl bromide, 227. 

„ „ chloride, 76, 219, 227, 228. 

„ „ fluoride, 219. 

„ a-naphthyl dichloride, 228. 

„ (5- „ ,, , 228, 231, 232. 

„ o-phenetyl dichloride, 228. 

„ P- „ » , 228, 

,, phenyl dibrortdde, 228. 

„ „ dichloride, 227, 

„ ,, difluoride, 2l9, 227. 

„ „ tetrachloride, 227, 

„ propyl oxide, 226. 

„ pseudocumyl dibromide, 228, 

„ o-tolyl diohloride, 228. 

„ p- „ dibromide, difluoride, 228. 

„ tri.iaoamyl, 224. 

„ tri-isobutyl, 224. 

„ triethyl, 219, 224, 225. 

„ ,, ammine, 224. 

„ trimethyl, 222, 224, 

„ „ ammine, 223, 

,, triphenyl, 219, 226, 227, 

„ triphenyl-ammonia, methylamine, ethylamine, 226. 

„ „ -n-propylaniine, ^methylaruine, trimethylaniine, 227. 
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Boron triphenyl-aniline, pyridine, cLuinoline, quinaldine, piperidine, phenyl 
hydrazine. 227. 

„ tri-«-propyl, 224, 225. 

„ o-xylyl dichloride, 228 

„ m- ,, dibromide, 228. 

„ „ „ dichloride, 231. 

„ P' f, „ .228. 

p-Bromophenyl boric acid, 229. 
iso- Butyl boric acid, 226. 
p-Carboxy -phenyl boric acid, 280. 
p-Chlorophenyl boric acid, 229. 

Diethylborlc acid, 224, 225. 

Diphenyl boric add, 227, 228. 

Di-p-tolyl boric acid, 229. 

Ethyl boric acid, mono* and diethyl esters, 225. 

„ ,, ,, , compound with triethyl boric ester, 225. 

Methyl boric acid, 225. 
a-Naphthyl boric acid and salts, 231. 

» » >» >» >, > 281. 
j?- „ „ „ „ „ , methyl ester, 231. 

a-Naphthyl boron oxide, 232. 

>, j, » 232. 
o-Phenetyl boric acid, 230. 

Phenyl boric acid, 88, 225, 228, 229. 

,, boron chloride, 76. 

„ boron oxide, 231. 

Propyl boric acid, 225. 
o-Tolyl boric acid, 92, 229. 



m- 




„ „ , 93, 229. 


m- 


>> 


,, „ Isobutyl ester, 229. 


p. 


9» 


„ „ and salts, 92, 230. 


0- 


Tolyl boron oxide, 23L 


P' 




„ » , 231. 


0- 


Xylyl boric acid, 231. 


m- 


99 


„ ,, and diethyl ester, 231. 


p- 


99 


.> » > 231. 


0- 


99 


boron oxide, 231. 


m- 


f9 


» ,1 , 231- 


m- 


>9 


„ „ , acid silver salt, 231. 


P- 


19 


» » > 232. 


P' 


99 


,, „ , acid silver salt, 232. 



Aluminium. 

Aluminium alkyl iodides, compounds with amines, 233, 234. 

„ diethyl Iodide, 233. 

,, ethyl dl-lodide, 233. 

„ tri-isoamyl, 233. 

„ tri-isobutyl, 233. 

„ triethyl, 36, 232, 

„ , compound with aluminium bromide, 232. 

,, triethyLetherate, 233. 

„ trimethyl, 33, 232. 

„ trimethyl-etherate, 233. 

„ triphenyl, 76, 220, 234. 

,, » » compound with ether, 234. 

„ tripropyh 37, 232. 

,, tripropyl etherate, 233. 

Methylene bromide or Iodide, aluminium derivatives of, 220, 234. 



Indium. 

Indium diphenyl chloride, 76, 220, 235. 

„ phenyl oxide, 235. 
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Thallium. 

Thallium compounds, comparison with gold, 4. 

Thallium di-isoamyl chloride, fluoride, 242. 

„ di-n-butyl bromide, carbonate, chloride, fluoride, iodide, nitrate, sulphate, 
242. 

„ di-isobutyl chloride, nitrate, 242. 

„ di-sec.-butyl chloride, nitrate, 242. 

„ dicyclohexyl chloride, 243. 

diethyl acetate, 239. 

„ bromide, 222, 2S7. 

,, m*bromobenzoate, 239. 

,, carbonate, 238. 

„ chloride, 2B7, 238, 302. 

,. ^ chromate, 238. 

„ -4 : 6.dinltro-2-aminophenoxide, 240. 

,, dililtro-|5-naphth oxide, 241. 

„ -2 : 4-dinitronaphthoxide-7-sulphonate, 241. 

„ -2 : 4-dinitrophenoxide, 240. 

» -2 : 6. „ „ , 240. 

,, dlnitro-o-tolyloxide, 241. 

,, fluoride, 237. 

., hexanitrodiphenylamine. 240. 

„ ?t-hexoate, 239. 

„ hydrogen carbonate, 238. 

,, hydrosulphide, 238. 

„ hydroxide, 221. 

,, Iodide, 237, 238, 
p.iodobenzoate, 239. 
lactate, 239. 



>9 

» 



99 



99 

99 



99 

99 



99 


99 


nitrate, 238, 


9> 


99 


nitrite, 238, 




99 


p-nitrobenzoate, 239. 


9* 


9f 


o-iiltrophenoxide, 239. 






„ „ , 239. 


*9 




P- f, , 239. 






a-nltroso-j9-naphthoxide, 241. 




, 9^ 


. 4 -nltrosopheno 7 dde, 221, 240. 


»> 




-3-nitro-o-tolyloxide, 240. 


99 


9 9 


•5- „ „ „ ,221,247. 


99 


99 


-4- „ -m- „ , 240- 


99 


99 


-6- „ -m- „ , 240, 


99 


99 


-3- „ *p- „ , 240 


99 


99 


Ji-octoate, 239. 


99 


9 9 


phosphate, 238. 


99 


99 


propionate, 239. 


99 


*9 


sulphate, 237, 23S. 


99 


99 


thiocyanate, 238. 


99 


99 


trichloroacetate, 239. 


99 


99 


trinitro-a-naphthoxide, 241. 


99 


99 


2:4: 6-trinitrophenoxide, 240 


99 


99 


trinitro-w-tolyloxide, 241. 


99 


99 


valerate, 239. 



dimethyl acetate, 237. 

bromide, 233, 236. 
carbonate, 236. 
chloride, 221, 233. 



99 

.*> 



99 

9f 

97 



chromate, 236. 

•4 ; 6-dinitro-2-aminophenoxide, 237. 
fluoride, 235. 
hydrosulphide, 236. 
hydroxide, 236, 237. 
iodide, 233, 236. 
nitrate, 236. 
o-nitrophenoxide, 236. 



m- 



221, 236. 
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Thallium 









9f 



9 \ 

99 



91 

99 



>9 

99 



99 



99 

99 

99 



99 

91 

99 



dimethyl 2 )-nitrophenoxide, 237. 

„ •3-nitro-o-tolyl oxide, 237. 

di-a-naphthyl bromide, 221, 243. 

„ „ chloride, 243, 360. 

diphenyl acetate, 244. 

„ acid but 3 mate, 221, 244. 

„ „ hexoate, 221, 244. ■ 

„ „ propionate, 244. 

„ „ valerate, 244. 

„ hronride, 242. 

„ o-bromobenzoate, 244. 

» w- „ „ , 244. 

„ n-butyi‘ate, 244. 

„ chloride, 76, 222, 242, 245, 340, 360. 

„ chromate, 244. 

„ fluoride, 242. 

„ «-hexoate, 244. 

„ nitrate, 243, 244. 

„ nitrite, 243. 

„ p-nitrohenzoate, 244. 

„ o-nitrophen oxide, 244. 

» P- „ „ , 244. 

„ a-nitroso*yS-naphthoxide, 244. 

„ w-octoate, 244. 

„ oxide, 243, 244. 

„ pyrophosphate, 244. 

„ trinitro-a-naphthoxide, 244. 

„ trimtro-m*tolyloxide, 244. 
di*p-tolyl bromide, 243. 

„ „ chloride, 243. 

di-o. „ „ , 243. 

dipropyl bromide, hydrosulphide, hydroxide, iodide, 241. 

,, cliloride, 37, 241. 

di-iaopropyl chloride, nitrate, 242. 



Silicon. 

isoAmyl sUlconic acid, 259. 
t^oAmyl silicon trichloride 254, 256. 

„ „ trichlorosilicane, see isoAmyl silicon trichloride. 

„ „ triethoxy silicon, 256. 

Anhydroblsdibenzylsilicanediol, 276, 277. 

Anhydrobisdiphenylsilicanediol, 248, 271-214. 

„ „ >, , crystallographic measurements of, 365. 

Anhydrobisphenylethylsilicanediol, 275. 

Benzyldiethylsilicol, 270. 

BenzylethyKsobutylchlorosilicaae, 267, 281. 

Benzylethylisobutylsfliool, 271, 281. 

,, „ „ , sulphonation of, 271. 

Benzylethylbutylsilicyl oxide, 230, 281. 

Benzylethylisobutylsilicyl chloride, see BenzylethyKsobutylclilorosilicane. 
Benzylethyldichlorosilicane, see Benzylethyl silicon dicliloride. 
Benzylethyldipropylsillcane, 264. 

„ ,> „ , sulphonic acid and salts, 264. 

Benzylethylpropylisobutylsilicane, 265. 

„ „ » f sulphonic acid and salts, 264, 265. 

Benzylethylpropylchlorosilicane, 264, 265, 267, 271, 285. 
Benzylethylpropylsilicol, 265, 270,^ 271, 280. 

„ „ „ , sulphonic acid and salts, 265, 271. 

Benzylethylpropyl silicon chloride, see Benzylethylpropylchlorosilicane. 
Benzylethylpropylsilicyl oxide, 280. 

Benzylethylsilicanediol, 273, 279. 

Benzylethyl silicon dichloride, 26Q-263, 271, 280. 

BenzylethylsUicone, 270, 230. 

Benzylmethylethylpropyl^icane, 265. 

, sulphonic acid and salts, 265. 



99 



99 
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Benzyl orthosilicic acid triethyl ester, 284. 

„ m-siliclc acid, 270. 

„ silicon trichloride, 262, 269, 270, 284. 

Benzyltrichlorosilicane, see Benzyl silicon trichloride. 

Benzyltrlmethylsilicane, 262. 

Blsethoxyphenyi-fi-bromophenyldisilo5;ane, 363. 

Bis-(triethylmonosilyl)-ether, 257. 

Bis-p-triethylsilylbenzene, 363. 

Bls-(tripropylinonosilyl)-ether, 257. 
p-Bromophenyl silicon trichloride, 263, 269, 
p- „ „ „ , esters derived from, 363. 

p-Bromophenyltrlethylsilicane, 263, 264. 

„ ,, „ „ , alcohols derived from, 373. 

tt-Butyltrichlorosillcane, 251. 
iso-' ,, ,, ., , 251, 253, 

p-Chlorophenyltriethylsilicane, 263. 

■ p-Chlorophenyltrl-w.propylsilicane, 264. 
p-Chlorophenyl-silicon trichloride, 264, 269. 

Chlorotriethoxysillcon, 257. 

Cyclopentamethylenesilicon dichloride, 282. 

Cyclopentamethylenesilicone, 282. 

Dlanhydrotrisdibenzylsilicanediol, 277, 278. 

Dianhydrotrisdiphenylsilicanediol, 248, 273, 274, 

„ „ „ , crystallographic measurements of, 366, 

dZ-Dibenzyldiethyldipropylsilicoethane, 285. 
dZ-Dlbenzyldiethyldipropylsilicoethane, sulphonation of, 286. 

,, „ ,, „ dis^phonic acid, Z*menthylamine salt, 286. 

DlbenzylethylcMorosilicane, 266, 268. 

Dibenzylethylpropylsillcane, 264. 

,, „ ,» > sulphomc acid and salts, 264. 

Dibenzylethylsilicol, 270. 

Dibenzylethyl silicon chloride, see Dibenzylethylchlorosilicane. 
DlbenzylethylsiKcyl oxide, 270. 

DibenzylmcthyMlcol, 270. 

Dibenzylmethylsilicyl oxide, 282. 

Dlbenzylsillcanedlol, 258, 275, 276. 

Dlbenzyl silicon dichlorlde, 268, 275. 

Dlbenzylsillcone, 270. 

Dibromoetliyl. silicon dichloride, 254. 

Diethylchlorosilicon ethyl ether, 256. 

Diethyl silicon dichloride, 252, 253, 258. 

Diethylsilicone, 254, 258. 

Diethyl silicon oxide, 258. 

DiethylcycloTOntamethylenesilicane, 282, 361. 

Dimethyldiethylsilicane, 252. 

Dimethylethyhisobutylsilicane, 252. 

„ ,, -n-propylsilicane, 252. 

Dimethyldipropylsilicane, 252. 

Dimethyl silicon dichloride, 282. 

Diphenoxydiphenylsillcane, 290. 

Diphenoxy octaphenylsilicotetrane, 290 . 

Diphenylchlorosihcane, see Diphenyl silicon dichloride. 
dZ-Diphenyldiethyldipropylsihcoethane, 285. 

Diphenyldiethylsilicane, 263. 

DiphenyldimethylsiUcane, 263. 

DiphenylethylcMorosilicane, 266, 280. 

Diphenylethylsilicyl chloride, see Diphenylethylchlorosilloane. 
Diphenylethylsilicyl oxide, 280. 

DiphenylmethylcMorosilicane, 266. 

Diphenylmethyl silicol, 280. 

Diphenylmethylsilicyl oxide, 280. 

Diphenylsilicanediol, 248, 259, 271-275, 288, 290. 

„ „ , crystallographic measurements of, 364. 

Diphenyl silicon dibromide, 268. 

Diphenyl silicon dichloride, 263, 267, 268, 272, 283, 287, 290. 

Diphenylsilicone, 273, 279, 
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Ethyl isobutyl silicon chloride, 263. 

„ ortho.2 ; 4-dimethylsiLicobenzoate, 284. 

,, orthosilico. butyrate, 266. 
p-Ethylphenyltriethylmonosilane, 363. 

Ethyl propyl silicon chloride, 252. 

EthysUiconic acid, 258. 

Ethyl silicon trichloride, see Ethyltrlchlorosilicane, 
Ethyltrichlorosilicane, 252, 254, 266, 268. 

Ethyl triethoxy silicon, 255, 258, 259. 

Ethyl trimethoxy silicon, 255, 259. 

Hexaethylsilicoethane, 259. 

Hexamethylsilicoethane, 269. 

Hexaphenylsilicoethane, 284, 361. 

^)-Iodophenyltriethylsilicaue, 264. 

MethoxyethoxysUicon diohloride, 284. 

Methylethylpropylsilicol, 264. 

Methyl monosillcic acid, 266. 

Methylsiliconic acid, 258, 361. 

Methyl triethoxy silicon, 258. 
a-Naphthyl silicon trichloride, 269. 

0 ctaphenylcyclosilicotetrane, 288-290. 

Octaphenyldiethylsilicotetrane, 288. 

Octaphenyldi-iodosiUcotetrane, 287. 

Octaphenylsilicotetrane oxide, 287, 288. 

Orthosilicoacetlc acid triethyl ester, 255, 258. 
a-OrthosUiconaphthoic add triethyl ester, 284. 

Phenoxydiphenylsilicyl chloride, 290. 

,, ,, ,, n , sulphonation of, 290. 

Phenoxymethoxyethoxymenthoxysilicon, 284. 
Phenoxymethoxyethoxysilicon chloride, 284. 

Phenoxymethoxysllicon dichloride, 284. 
Phenylbenzylethylpropylsilicane, 265. 

,, ,, „ , sulphonic acid, 265. 

Phenylbenzylsihcanediol, 279. 
Phenyl-53-bromophenyldichloromonosllane, 363. 
Phenyl-^)-bromopheuyldiethylmonosilane, 363. 

Phenyldiethylsilicol, 270. 

Phenyldiethylsillcyl oxide, 270. 

Phenyldimethylethylsilicane, 262, 264. 

Phenylethyldipropylsilicane, 285. 

Phenyl-fi •ethylphenyldiethylmonosilane, 363. 
Phenylethylpropylchlorosilicane, 267, 270, 285. 

Phenylethylpropylsilicol, 270. 

Phenylethylpropyl silicon chloride, see Phenylethylpropylchlorosilicane. 
PhenylethyMlicanediol, 275, 278. 

Phenylethyl silicon dichlorlde, 266-255, 270, 280, 285. 
Phenylethylsillcone, 270, 280. 

Phenyhmetasilicic acid, 283. 

Phenyhnethylethylpropylsilicane, 264. 

Phenylmethylethylsilicd, 270. 

Phenyl silicon trichloride, 77, 262, 263, 267, 268, 283. 
Phenyltriethylsilicane, 263. 

Phenyltrimethylsilicane, 262. 

Propylsiliconic acid, 259. 

Propyl silicon trichloride, 252, 254, 256, 259. 

„ trichlorosilicane, see Propyl silicon trichloride. 

„ triethoxy silicon, 256. 

Kilico- acetic acid, 258. 

Silico- benzoic acid, 283. 

9, „ „ 9 triethyl ester, 283. 

„ „ anhydride, 279. 

„ -butyric acid, 259. 

S^cochloroform, 250, 251. 

Silicoheptyl ethyl etW, 251, 255. 

Silicohexoic acid, 259. 

Silicohydrocarbon, “ umsaturated,” Si 4 Phg, 287, 
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Siljcohydrocarbon, “ saturated,” SliPiig, 288. 

„ „ , [SlPha]^, 288, 289. 

a-Sillcouaphthoic acid, 283. 

Silico. propionic acid, 258. 

Silicotoluic anliydrlde, 279. 

Silicon diethyl diethyl ether, 255, 25d, 258. 

„ „ ether, 253. 

„ ethyl triethyl ester, 254. 

„ propyl „ „ , 254. 

„ tetraethyl ester, 256. 

„ tetraphenyl, 262, 317, 340. 

„ trlethyl ether, 255. 

„ „ ethyl ether, 250, 253. 

.Sulphobenzylethylisobutylsilicyl oxide, 281. 

>> » „ » : sulphonic acids and salts, 281, 282. 

Sulphobeiizylethylpropylsilicyl oxide, 280. 

), ff t, „ , sulphonic acids and salts, 280, 281. 

Tetra-Jsoaiiiylsilicaiie, 250. 

Tetra-anhydrotetraldsdiphenylsUicancdiol, 273, 275, 288, 361. 

>» „ » „ , crystallographic measurements, 368. 

Tetrabenzyl sdlcane, 262. 

Tetraethoxysilicon, 256, 258. 

Tetraethylsilicane, 23, 250, 252, 253, 361. 

Tetramethyl sllicane, 18, 2i8, 361. 

Tetranitrophenyl silicane, 262. 

Tetraphenyl silicane, 259, 262, 266, 268, 301. 

Tetrapropyl silicane, 24 250, 251. 

Tetra-?re-tolyl silicane, 262. 

'P' >» » > 262. 

Tolylsillconic acid, 283. 
p.Tolyl silicon trichloride, 2G9. 

TrbisoamylbromosUicane, 253, 256. 

Tri-isoamylsilicane, 261. 

Tri-isoamylsilicol, 256. 

Tii-isoamyl silicon bromide, see Tri-ijsoamylbromosillcane. 

Tri-iwamyl silicon oxide, 250, 258, 

Trianhydrotetrakisdiphenylsihcanediol, 275, 361. 
Trlanliydroti'isdibenzylsilicaliediol, 276,-278. 

„ „ ,, , crystallographic measurements of, 369. 

Trianhydrotrisdiphenylsilicanodiol, 273, 274, 290. 

„ „ „ , crystallographic measurements of, 367. 

Tribenzylchlorosilicane, 266. 

Tribenzylsilieol, 266, 270. 

Tri-faobutylbromosilicane, 263. 

Tri-i?obutylsiLicane, 251, 253. 

Trichlorosilicane, 250, 251. 

Trichloro-p-triethylsilylphenylmonosilane, 363. 

Triethoxysilicon chloride, 256. 

Triethylacetoxyethylsilicane, 252. 

TriethyKsoamylsilicane, 252. 

Triethylbromosilicane, 250, 251, 253, 363. 

Triethylbromo-p-phenylmonosilane, 291, 362. 

Triethyl-w-butylsilicane, 252. 

Triethyh'sobutylsilicane, 252. 

Triethylchloroethylsilicane, 250, 252. 

Triethybp-chlorophenylmonosilane, 291, 362. 

Triethylchlorosilicane, 253, 255. 

Triethylhydroxyethylsilicane, 252. 

Triethyl-p.iodophenylmonosilane, 362. 

Triethylphenyl^cane, 362. 

Tri-»-propyl*p-chlorophenylmonosUane, 362. 

Triethyl-«/-propylsilicane, 252. 

Triethylsdicame, 23, 251. 

Triethylsilicol, 253, 254, 259, 363, 

Triethyl silicon acetate, 253, 254. 

,, „ chloride, see Triethylchlorosilicane. 
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Triethyl silicon oxide, 253, 2S7. 

Triethylsilicyl ethyl ether, 23. 
l-TrIethylsilyl-4-trIethylstanLnyl- benzene, 291. 

1- „ „ -4-trimethylplumby 1-benzene, 291. 

1- ,, „ -4-diphenylarsyl benzene, 291. 

Trimethylisoamylsilicane, 252. 
Trimethybw-butylsilicane, 251. 
Trimethylwobutylsilicane, 251. 

Trimethylethylsilicane, 251. 

Trimethyl- n-propylsilicane, 24, 251, 253, 257. 
Trinitrophenylsilicol, trlsulphonate of, 269. 
Trlphenylbromosilicane, 263, 2QQ, 268, 361. 
Triphenylchlorosilicane, 262, 263, 2QQ, 267, 269, 284. 
Triphenylethylsilicane, 263. 

Triphenylmethylsihcane, 262. 

Triphenylsilicane, 263. 

Triphenylsillcol, 262, 266, 269, 280. 

„ „ trisulphonic acid, 269. 

Triphenyl silicon acetate, 266. 

„ ,, bromide, see Triphenylbromosilicane. 

„ ,, chloride, see Triphenylchlorosilicane. 

„ „ oxide, 361, 

Triphenylsilicylamine, 266. 

Tripropylbromosilicane, 253, 255. 

Tripropylsilicane, 250, 251. 

Tripropylsilicol, 253, 255. 

Tripropyl silicon acetate, 253, 255, 258. 

„ „ bromide, 255, 

„ „ oxide, 251, 253, 257. 



Germanium. 

Ditnethylaminophenylgermanic acid anhydride, 299. 

Dimethylanilino germanium trichloride, hydrochloride of, 299. 

Disodium diphenyl gemiardde, 296. 

Germanium dimethylamlino triphenyl and hydrochloride, 298. 

„ ethyl triphenyl, 298, 

,, tetra-isoamyl, 293. 

„ tetrabenzyl, 298. 

„ „ tetrasulphonic acid and barium salt, 298. 

„ tetra-w*butyl, 293, 

„ tetraethyl, 291, 292, 293, 361. 

,, tetramethyl, 291, 292, 361. 

„ tetraphenyl, 294, 295, 297, 361. 

„ tetrapropyl, 293. 

„ tetra-^j.tolyl, 297, 298 

„ triphenyl anisyl, 298. 

„ „ -p-tolyl, 298. 

Hexaphenyldigermane, 294-296, 361. 

Phenylgermamc acid anhydride, 298. 

Phenylgermanonic acid, 297. 

Sodium triphenyl germanide, 294, 295, 296. 

„ „ germanolate, 296, 297. 

Tetra-anhydrotetrakisdiphenylgermanediol, 297, 361. 

Tetraphenylgermane, 294. 
p-Tolylgermanic acid anhydride, 299. 

Trianhydrotetraklsdiphenylgermanediol, 297, 36L 

Trimethylstannyl-triphenylgermane, 296. 

Trlphenylgermane, 296. 

Triphenyil^ermanol, 297. 

Tiiphenylgermanium bromide, 294, 296-298, 361. 
chloride, 294. 
fluoride, 294, 296. 
iodide, 294. 
oxide, 294, 297, 361. 
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Tin. 



1 : lO-Bis-trietllylstannyln'decane, 330. 



ii* 






-ft-pentane, 330, 331, 373. 

Dimethylmethylene stannane, 316. 

Dlsodium dimethyl stannane, 313, 315, 316. 

„ diphenyl stannide, 320, 329. * 

„ hexamethyl tristannane, 315, 316. 

„ tetramethyl-distaunane, 315. 

„ tin diphenyl, see Disodium diphenyl stannide. 

Dodecamethylpentastannane, 316. 

Ethyl stannonic acid, 313. 

Hesabenzyldistannane, 327. 

Hexa-'tVobutyldistalinaiie, 315, 372. 

Hexacyclohexyldistannane, 327. 

Hexaethyldistannane, 305, 306, 314, 372. 

Hexamethyldistannaiie, 314. 

Hexaphenyldistannane, 327, 361. 

Hexa-n*propyldistannane, 315, 372. 

Hexa-p-tolyldistannane, 327. 

Hexa-p-xylyldistannane, 327. 

Methyl staimonic acid, 311, 312, 361. 
i5o-Propyl staimonic acid, 313. 

Sodium tin triphenyl, 328, 329. 

Sodium trimethyl stannide, 304, 314. 
symc*Tetraethyldi*i5obutyl-distannane, 315, 372. 

» » -?i-propyl- „ , 315, 372. 

Tin di-isoamyl, 310. 

dibenzyl acetate, 325. 

„ chloride, 321, 325. 

„ dibromide, di- iodide, oxide, 326. 

di-isobutyl salts, 310. 
dicyclohexyl, 327. 
dicycloliexyl cUbroinlde, 318, 325. 

„ dichloride, difluorlde, dihydroxide, di-lodide, 325, 326. 
diethyl, 300, 301, 309, 813, 314. 
die,thyl.«.amyl bromide, 331, 373. 

„ iso-amyl bromide, 370. 

„ „ chloride, 370. 

„ -5‘bromoamyl bromide, 329, 330, 373. 

„ isobutyl bromide, 370. 

„ cyclopentamethylene, 329, 330, 361, 373. 

„ dr-iso-amyl, 370. 

„ dibenzyl, 320. 

„ dibromide, 309, 311, 329, 330, 371. 

,, di-isobutyl, 370. 

„ dichloride, 302, 303, 309, 311, 313, 360. 

„ di-iodide, 18, 21, 302, 303, 306, 309, 329. 

„ oxide, 309, 313. 

„ w-propyl bromide, chloride, 370. 

„ salts, 309-311. 
dimethyl, 313, 315. 

„ •5-bromoamyl bromide, 329, 373. 

,, -cyclopentamethylene, 329, 331, 373. 

„ di-isobutyl, 370. 

„ diethyl, 18, 303, 360. 

dibromide, 308, 313, 315, 316, 329. 
dichlorid^ 303, 308, 314. 
dr-iodide, 308, 329, 371, 
ethyl bromide, 303. 
ethyl propyl, 303. 

„ diphenyl, 320. 

„ salts, 308, 309. 

di-a-naphthyl, 327. 
diphenyl, 326, 327, 329. 
diphenyl aminochloride, 325. 
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Tin diphenyl chlorobromide, cliloro-iodide, 324. 

„ „ dibromide, 324. 

„ „ dichlorlde, 77, 225, 322, 323, 324, 361. 

,, „ diethoxide, 324. 

„ „ difluoride, 324. 

„ „ hydride, 329. 

„ „ hydroxychloride, 324, 360. 

„ „ oxide, 324. 

„ di-n-propyl salts, 310. 

„ di-isopropyl salts, 310. 

„ di-n-tolyl, 326. 

,, di-i)-xylyi 327. 

„ ethyl butyl dibenzyl, 320. 

„ „ di-isoamyl bromide, 370. 

„ „ dibenzyl iodide, 320. 

,. „ dibutyl benzyl, 320. 

„ ,, di-isobutyl bromide, 370. 

„ „ phenyl dichloride, 326. 

„ „ «.-propyl dl-isoamyl, 303. 

„ „ propyl dibenzyl, 307, 320, 321. 

„ „ „ dichloride, 307. 

tribromide, 313. 
tri-isobutyl, 369. 

„ tri-? 2 .-propyl, 369. 
methyl ethyl dibromide, 303. 

„ „ dipropyl, 303. 

,, „ w-propyl deaiiro-bromocamphor sulphonate, 307, .308. 

„ „ „ ,, -camphor sulphonate, 307. 

„ „ iodide, 307. 

,, sulphate (basic)*, 312. 

„ tribromide, trichloride, 312. 

„ tri-iodide, 301, 311, 312, 
isopropyl tribromide, 313. 

„ trichloride, 313. 
tetra -isoamyl, 302. 
tetrabenzyl, 318, 

tetrabromide, physical constants of, 371. 
tetra -isobutyl, 302. 
tetra-cyclohexyl, 317, 323, 325. 
tetraethyl, 21, 26, 300, 301, 302, 305, 309, 361, 371. 
tetramethyl, 301, 304, 305, 312, 315, 361. 
tetraphenyh 13, 318, 321-324, 329, 360, 361. 
tetrapropyl, 24, 37, 302. 371. 
tetra-a-tMenyl, 318. 

„ -o-tolyl, 317. 

,, -m- ,, , 317. 

„ -m-xylyl, 317. 

„ -p- „ , 317. 

tri-iso-amyl salts, 371. 
tribenzyl chloride, 320, 323, 325, 327. 

,, iodide, 327. 

„ ethyl, 320. 
tri-isobutyl iso-amyl, 369. 
tri-isobutyl salts, 306, 307, 371. 
tricyclohexyl bromide, 319, 323. 

chloride, 318, 323. 
ethyl, 320. 

fluoride, hydroxide, iodide, 323. 
methyl, 319. 
phenyl, 319. 
p-tolyl, 319. 
triethyl isoamyl, 369. 

„ n-amjl, 329, 330, 331, 373. 

„ bromide, 291, 305, 314, 330, 331, 37 L 
-5-bromoamyl, 329, 330, 373. 
isobutyl, 369- 



99 

>9 



99 

y9 



99 

99 

91 

99 



99 

99 




SUBJECT INDEX. 



413 



99 

19 

99 



99 

11 



99 

99 



>> 

99 



Tin triethyl carbonate, 302, 306. 

„ „ chloride, 802, 305, 314, 371. 

„ ,, ethylate, 371. 

„ ,, ethyl sulphonate, 302. 

„ „ Iodide, 18, 300-303, 305, 309, 314, 360, 371. 

„ „ methyl, 18, 303. 

,, ,, phenyl, 321, 326. 

„ „ n-propyl, 303, 369, 371. 

„ salts, 305, 306. 
trimethyl, 804, 805, 314. 

„ benzyl, 321. 

„ bromide, 296, 800, 303, 304, 314, 321, 328. 

„ .5-bromoamyl, 330, 331, 373. 

„ chloride, fluoride, 304. 

„ ethyl, 302, 

,, ethylate, 305. 

„ hydroxide, 805. 

„ „ , electrical conductivity of solutions of, 305. 

„ „ , complexes of, 305. 

„ iodide, 801, 802, 304, 321, 371. 

„ phenyl, 321. 

_ „ «-propyl, 303. 

(trimetliylstannyl) -amine, 321. 
trimethyl sulphide, formate, acetate. 305. 
tilplienyl, 325, 361. 

„ bromide, 322, 327, 361. 

„ chloride, 318, 322, 325, 360. 

„ cyclohcxyl, 318, 

„ ethyl, 319. 

„ fluoride, 322. 

hydride, 328, 
iodide, 319, 322. 
methyl, 319. 
a-naphthyl, 318. 

„ p-tolyl, 318, 

„ i>*xylyl, 318. 

trl‘«-propyl isobutyl, 369. 
trlpropyl chloride, 306, 371. 

„ iodide, 37, 302, 306, 371. 
tri-isopropyl bromide, chloride, iodide, 306, 371. 
tripropyl salts, 306. 
tri-isopropyl salts, 306. 
tri-o-tolyl bromide, chloride, iodide, 322. 

>» ~P‘ >> >> ? 322, 32;. 

,, „ „ chloride, fluoride, 322. 

tri-»i-xylyl fluoride, 322. 

„ „ -p- „ „ , chloride, bromide, iodide, 323, 

l*Trlethylsilyl‘4-trlethylstannyl benzene, 291. 
l.Trimethylstannyl-5-trimethylplHmbyhn-peatane, 330, 331, 373, 
Trimethyltriethyldlstannane, 314. 

Triphenyltrimethyldistannane, 328. 



99 

99 



Lead, 

1 ; 5-Bis-trimethylplumbyl-?!-j^ntane, 330,' 353, 379. 

Lead isobutyl isoamyl dibromide, 839- 
„ „ tri-isoamyl, 375. 

„ di-isoamyl dibromide, dichloride, 338- 

„ „ „ ethyl propyl, 377. 

„ di-isobutyl chlorobromide, 338. 

„ „ „ dibromide, dichloride, 338. 

„ dicyclohexyl dibromide, 342, 348. 

„ „ „ dichloride, di-iodide, sulphide, 348. 

„ diethyl isoamyl chloride, 339. 

,, „ -5-bromoamyl bromide, 353- 

„ ,, isobutyl isoamyl, 377. 
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Lead diethylcyclopentamethylene, 552, 353, 361, 379. 


> 9 


diethyl di-isoamyl, 376. 


99 


99 


dibromide, 338. 


9i 


99 


di-isobutyl, 376. 


99 


99 


dichloride, 335, 338, 361, 352, 360. 


99 




di*a-naphthyl, 343, 360. 


99 


99 


diphenyl, 338, 343, 360. 


99 


99 


di-n-propyh 376. 


99 


99 


di-sec.-propyl, 376. 


99 


99 


methyl isoamyl, 377. 


99 


99 


„ isobuty], 377. 


99 


99 


,', propyl, 377. 


99 


99 


propyl isoamyl, 336, 37?’. 


99 


99 


„ sec.-amyl, 377. 


99 


99 


„ TO-butyl, 877. 


99 


99 


„ isobutyl, 377. 


99 


99 


„ sec.-butyl, 377. 


99 


9 9 


«-propyl sec.-propyl, 377. 


99 


, estimation of in organic compounds, 334. 


99 


ethyl isoamyl dichloride, 339. 


99 


99 


isobutyl dibromide, 339. 


99 


99 


-5-chloroamyl dichloride, 352, 353. 


99 


99 


•n-propyl-n-bulyl-isoamyl, 336. 


99 


dimethyl sec.-butyl isoamyl, 377. 


99 


99 


di-isoamyl, 376. 


99 


99 


dibromide, dlchloride, di-iodide, pxide, sulphide, chromate, 338. 


99 


99 


di-isobutyl, 376. 


99 


99 


diethyl, 335. 


99 


99 


di-n-propyl, 376. 


99 


fr 


ethyl isoamyl, 377. 


99 


99 


„ sec.-amyl, 377. 


99 


99 


„ isobulyl, 377. 


99 


,*9 


,, sec.-butyl, 377. 
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„ w-propyl, 336, 377. 


99 
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„ sec.-propy], 377. 
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99 


propyl iso-amyl, 377. 


99 


diphenyl, 348, 349. 


99 


99 


carbonate (basic), 346. 


99 


99 


chromate, 347. 


99 
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cyanide (basic), 347. 


99 


99 


cyclohexyl bromide, 351. 


99 
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„ methyl, 351. 


99 


99 


diacetate, 346, 347. 


99 


tf 


dibromide, 342, 343, 345. 


99 


99 


dichloride, 340, 345, 360, 361. 


99 


99 


dicyanide, 347. 


99 


99 


dicyclohexyl, 342. 


99 


99 


diformate, 346, 


99 


99 


di-iodide, 342, 346, 350. 


99 


97 


di-a-naphthyl, 342, 


99 


99 


dinitrate, 346, 347. 


99 


99 


,, (basic), 346. 
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99 


di-jj-nitrobenzoate, 347. 


99 


99 


di-o-tolyl, 342. 


99 


99 


di-^)-tolyl, 349. 


99 


99 


dithiocyanate, 347. 
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99 


di-trichloroacetate, 346. 
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99 


divalerate, 346. 
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di-^)-xylyl, 34Z, 351. 
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ethyl bromide, 351. 
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iodate, 346. 
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methyl bromide, 351. 


99 


99 


oxalate, 346. 


99 


99 


oxide, 346. 


99 


97 


phosphate, 346. 


99 


99 


propionate (acid salt), 346. 
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Lead diphenyl sulphide, 347. 

» » P-xylyl, 351. 

„ di-«-propyl dichloride, 338. 

„ di-p-tolyl diacetate, 247 , 348. 

„ „ dibromide, dichlorlde, 347. 

„ „ diformate, 347. 

„ „ di-iodide, 247 , 350. 

„ „ dinitrate, 347. 

,, ,, sulphide, chromate, 348. 

„ di-«i-sylyl dichloride, 350, 260 . 

„ di-p-xylyl dibromlde, 345, 248 , 350. 

„ ethyl trl-lsoamyl, 375. 

„ „ tri-isobutyl, 375. 

„ „ tri-w-propyl, 375. 

„ methyl ethyl dichlorlde, 338. 

>> » „ di-iodlde, chromate, sulphide, 339. 

„ „ „ «-propyl isoamyl, 336. 

„ » „ ., isobutyl, 336. 

,, „ 7i-propyl isoamyl chloride, 339. 

,, „ tri-isoamyl, 375. 

,, „ tri-isobutyl, 375. 

„ „ triethyl, 334, 22 - 5 , 360, 274 , 

„ „ tri-m-propyl, 375. 

„ phenyl cyclohexyl methyl bromide, 351. 

„ ?i-propyl isoamyl dichlorlde, sulphide, 339. 

„ „ isobutyl dibromlde, sulphide, 339. 

„ „ ,, dichlorlde, 339. 

„ „ tii-isoaniyl, 37.5. 

„ ,, tri-isobutyl, 375. 

„ tetra-isoamyl, 333. 

„ tetra-isobutyl, 333. 

„ tetracyclohexyl, 241 , 348. 

„ tetraethyl, 21, 223 , 360, 361. 

„ tetramethyl, 223 , 336, 361. 

„ tetraphenyl, 317, 229 , 340, 343-346, 360, 361. 

„ tetra-w-propyl, 333. 

„ tetra-sec.-propyl, 333. 

„ tetra-a-thienyl, 341. 

„ tetra-p-tolyl, 240 , 347, 

„ tetra-p-xylyl, 341. 

„ tri-isoamyl chloride, bromide, iodide, fluoride, hydroxide, 338. 
„ tri-isobutyl isoamyl, 375. 

„ tri-m-butyl chloride, bromide, hydroxide, 337. 

„ tri-isobutj^l chloride, bromide, iodide, fluoride, 337. 

„ trieyclohexyl, 345. 

,, ,, „ bromide, chloride, fluoride, hydroxide, 345. 

„ ., „ iodide, 245 , 351. 



triethyl, 339. 

triethyl n-amyl, 252 , 279 . 

„ isoamyl, 225 , 274 , 

„ sec.-amyl, 375. 

„ benzyl, 343, 278 . 

„ .5-bromoamyl, 252 , 279 . 

„ isobutyl, 335, 274 . 

,, sec.-butyl, 375. 

„ bromide. Iodide, 336. 

„ chloride, 326 , 339, 360. 

„ hydroxide and salts, 226 , 227 , 339> 
„ a- naphthyl, 378. 

„ phenyl, 378. 

„ w-propyl, 225 , 274 . 

„ o-tolyl, 378. 

„ p-tolyl, 378. 

trImethyl isoamyl, 225 , 274 . 

„ bromide 330, 331, 334, 226 , 353. 

„ n-butyl, 225 , 274 . 
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Lead trimethyl isobutyl, 555, 374^ 

„ „ chloride, 291, 334, 555. 

„ „ ethyl, 554, 338, 574. _ 

„ „ fluoride, hydroxide, iodide, 336. 

„ „ phenyl, 378. 

„ „ n*propyl, 554, 574. 

„ „ isopropyl, 375. 

„ „ sulphate, 331, 555. 

„ „ o*tolyh 378. 

„ „ p-tolyl, 378. 

„ triphenyl, 54P, 361. 

„ „ bromide, 341, 544, 351, 361. 

„ „ chloride, 545, 344. 

„ „ cyclohexyl, 542, 351. 

„ „ ethyl, 351. 

„ „ fluoride, 344. 

„ „ iodide, 343, 544, 349. 

„ „ methyl, 351. 

„ „ a-naphthyl, 342. 

„ „ p-phenetyl, 341. 

„ ,, p-phenoxyphenyl> 342. 

„ „ sulphide, 344. 

„ „ 7 )‘tolyl, 341. 

„ „ m-xylyl, 341. 

„ „ p-xylyl, 341. 

,, tri-n-propyl isoamyl, 375. 

„ „ „ isobutyl, 375. ^ , 

„ „ „ acetate, bromide, chloride, fluoride, hydroxide, sulphate, 337. 

,, tri-o.tolyl, 350. 

,j »» *P* >> > 344, 350. 

,, „ „ „ fluoride, iodide, 344. 

„ tri-m.xylyl, 350, 360. 

„ „ .p- „ , 344, 345, 350. 

,, „ „ „ bromide, 341, 345. 

„ „ „ „ chloride, 344. 

l-Triethylsilyh4-trimethylplumbyl-benzene, 291. 
l-Trim6thylstannyl-5-trimethylplumbyI-n-pentane, 330, 331, 373. 



Phosphorus. 

Dimethylamidophosphenyl chloride, 122. 

Diphenyl phosphorus chloride, 16. 

Ethyl dichlorophosphine, 35. 
Phenyl-p*tolylchlorophosphine, 94. 

Phosphenyl chloride, 77, 94. 
m-Tolyldichlorophosphine, 78. 

Triethylphosphiue, 20. 

Trimethylphosphine, 18. 

Triphenylphosphine, reaction with, thallic chloride, 360. 
Tripropylphosphine, 24. 

TO-Xylyldichlorophosphine, 80, 95. 



Arsenic. 

Arsenobenzene, reaction with mercury diethyl, 35, 
Ethyldichloroarsine, 35. 

Diphenylchloroarane, 77, 291, 340. 

Dithienylchloroarsine, 83, 98. 
a-Naphthyldichloroarsine, 82, 

,, ,, ,, , 82. 

Phenylarsenious chloride, 77, 88, 91, 360. 

,, „ oxide, reaction with mercuric chloride, 73. 

. „ „ sulphide, reaction with mercury diethyl, 35. 

Phenyldichloroarsine, see Phenylarsenious chloride. 
Phenyldiethylarsine, reaction with mercury diethyl, 35. 
Thiehyldichloroarsine, 83, 98. 
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Ti-lutliylarslnc, 20. 

l-Tl‘iethylsilyl-4-dlpliciiylu.rsyl benzene, 291. 
Tl'lmethylarsine, 18. 

Tilplieliylarslile, 226, 360. 

„ „ dicbioride, 360. 

Tilpropylarsiile, 24. 

TritMcliylarsine, 83. 

Tri-m-xylylarsine, 360. 

M -P- „ , 360. 

w-Xylylalsenious dichloride, 80, 360. 

P~ ,> >, ,, > 360. 

yji-Xylyldicliloroarsine, see m-Xylylarscnious dichloridc. 



Antimony. 

Dipheiiylstibiiio chloride, 340. 

,, „ tricliloride, 77, 340. 

Trialiisylstibiiie mercurichloridc, 142. 
Tl'iethylstibine, 20, 35. 

Trliiietliylstlbine dichloridc, 32. 
Tripheiiylstibinc, 71, 88, 226, 360. 

„ „ dichloridc, 77, 360. 

Ti'i.)M*t<jlylstibiiie mel-curichlorlde, 71, 93. 
Tri-ia-xyiylstibille, 360. 

„ „ „ dichlolide, 360. 

Bismuth. 

Bisiiiutli trietliyl, 34, 36. 
Di-a-ilaplithylclilorobisniuthiiio, 360. 
Dlphenylclilorobismu thine, 340, 360. 
Di-jo-tolylchlorobismuthlnc, 360. 
Trlctliyibismuthinc, 29, 41. 
Ti'l.a-iiaphthj’lblsmiithine, i'43, 3(0. 
Triphenylbismnthine, 77, 242, 360 
Trl-p-toljdbisinuthiiir, 243, 360. 

Selenium., Tellurium. 

.Seloiiiiini, mercury derivatives containing, 21.7 
Tellurium diethyl, 36. 

Tellnrlnin diphenyl, 77. 

., „ dichloride, 340. 
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